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1. INTRODUCTION 

The purpose of this document is to provide guidance for the environmental 

monitoring required during the DOE LIMB Demonstration Project Extension. This 
document is required under the terms of the Cooperative Agreement between the 

Department of Energy and Babcock and Wilcox Company. The DOE project is an 

extension of an ongoing EPA Limestone Injection Multistage Burner (LIMB) 
Demonstration. Equipment for this extension is presently being installed at 
Ohio Edison's Edgewater Power Station in Lorain, Ohio. 

The DOE project, as an extension to the EPA LIMB demonstration project, 

will provide funding to allow investigations of various coals and sorbents, 
thus extending the technology data base. A second DOE LIMB extension activity 
is the Coolside Demonstration, which injects sorbent directly into the flue, 
downstream of the air heater just prior to humidification. For this DOE 

activity, it is necessary to have the humidifier designed in the EPA LIMB 

project in operation. The original intent of the EPA humidification effort 

was to install the humidifier into an existing flue, however, in an effort to 

assure uninterrupted boiler operation, it was decided to place the humidifier 

in a bypass duct which can be isolated in the event of start-up problems. The 

DOE project will provide the bypass. Hence, there will be overlap between the 

EPA humidification work and the DOE project. Please see Appendix I of this 

document for further information on the process description. 

1.1 PURPOSE 

The purpose of the Environmental Monitoring Plan is to: 

1. Produce documentation to ensure that demonstration project impacts 

do not violate applicable standards; 

2. Develop a data base to clarify environmental problems related to the 
LIMB extension technology; and 

3. Provide information for future replication of LIMB technology. 

1.2 APPROACH 
Environmental and human health issues raised by the LIMB Extension 

Demonstration project were broken down into four broad areas for monitoring 

and analyses, 1) air, 2) wastewater, 3) solid waste and ground water, and 
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4) worker health and safety. Monitoring results from these areas will be 
submitted in unified quarterly and annual reports. Quarterly resource 

requirements, including travel, sample collection, and analysis and reporting 

are included for each broad area. 

All of the specific environmental and work health and safety parameters 
to be measured, the point of measurement or sample collection, the frequency 

of measurement, and quarterly resource requirements for each broad area have 

been summarized. 

An additional option that may be exercised during monitoring is the 
implementation of pollutant screening methods. The ambient air and wastewater 
discharge streams would be periodically screened for other pollutants that may 
be present as a result of the project. A screening method would be performed 

on each of these two media after each fundamental change in operation, such as 

the injection of a different sorbent type. Enough samples would be collected 

and analyzed to determine which pollutants are important for additional 

monitoring, and to develop a rationale for terminating monitoring for those 

pollutants that are not significant. An example of such screening is the use 

of ambient air monitoring canisters that could then be analyzed using the 

procedures currently in place for EPA's Nonmethane Organic Compound (NMOC) 

monitoring network. Pollutant screening is not included in the resource 

requirements section of the plan. 

1.3 SCHEDULE 

The project is divided into four phases: pre-construction, construction, 

operation, and post-operation. Pre-construction (baseline) monitoring data, 

which was collected during Phase I of the EPA LIMB Demonstration Project, will 

be used as pre-construction monitoring data for the DOE LIMB Extension for 

most media. For ground water, pre-construction monitoring at the disposal 

site may be necessary, if no data are currently available. 

The modifications to install the LIMB technology are expected to have 
minimal environmental impacts and thus, construction monitoring is not 

recommended. Some monitoring will be necessary during construction in order 

to establish a baseline against which the results of operational monitoring 

ALE051 1-2 



can be compared. Environmental monitoring of all media will be conducted 

during the operation phase. Post-operation monitoring will not be necessary 
except for ground-water monitoring in the vicinity of the ash disposal site. 

Once the results have stabilized, post-operation monitoring will be 
discontinued. 

Equipment is now being installed at the Edgewater facility for the DOE 

funded portion of the project. Start-up of the humidifier is scheduled for 

the first week of August, 1988, followed by completion of the EPA LIMB 

testing. The DOE LIMB Demonstration Extension covers a period of 43 months, 

culminating in four months of Coolside Demonstration Testing, followed by 14 

months of DOE LIMB Demonstration Testing, with a total of three coals and four 

sorbents. 

1.4 REPORT ORGANIZATION 

This document is organized as follows: Section 1.0 is the Introduction 
and Section 2.0 is the Summary. Air, wastewater, solid waste and 

ground-water, and worker health and safety monitoring requirements and 

recommendations are summarized in Sections 3.0, 4.0, 5.0, and 6.0, 

respectively. Section 7.0 presents data management and reporting 

requirements, and Section 8.0 summarizes total resource requirements for each 

broad environmental and worker health and safety area. Finally, Appendix A 

contains the environmental impact review for the LIMB Demonstration Project 

Extension required by NEPA, and Appendix B contains copies of test methods for 

wastewater, ground-water, and solid waste monitoring. 
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2. SUMMARY 

This section presents, in tabular form, a summary of the specific 

environmental monitoring that will be performed during operation of the DOE 
LIMB Demonstration Extension Project. 

Parameters that must be monitored during the DOE LIMB Extension, and the 
additional monitoring recommended by this plan are listed in Table 2-1. 

Parameters common to both EPA LIMB and DOE LIMB Extension are identified. In 

general, monitoring that is common to both projects are the compliance 
monitoring required by Ohio EPA, and tests for which baseline values must be 

established. 
Measurement points, sampling frequencies, and resource requirements are 

also presented in Table 2-l. Resource requirements are presented on a 

quarterly basis. Initiation costs for establishing reporting programs are 

covered in the quarterly estimates. However, the costs for implementation of 

screening methodologies are not included in these resource requirements. 

To assist the reader in understanding the following sections, the 

location of the Edgewater plant in Lorain, Ohio is presented in Figure 2-l. 

Also, a plot plan of the Edgewater plant is presented in Figure 2-2. 
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IL Figure 2-l. Location of Edgewater Plant in Lorain, Ohio I 
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3. AIR MONITORING REQUIREMENTS AND RECOMMENDATIONS 

The air monitoring recommendations of the Environmental Monitoring Plan 

(EMP) for the LIMB Extension and Coolside projects include specifications 

for point source emissions, fugitive dust emissions and ambient air 

concentrations. 

The DOE Environmental Monitoring Plan recommends some of the same 

monitoring (at the ESP outlet only) that will be performed for the test 

program. Therefore, rather than duplicating sampling efforts, the 

Environmental Monitoring Plan will evaluate appropriate data from the test 

program and separately report results in the Environmental Monitoring Plan 

format. No air monitoring in addition to that already being performed for 

the test program, is recommended. However, additional data analysis, 

reporting and ambient air modeling is recommended. 

As part of the experimental test matrix, the DOE LIMB Extension and 

Coolside projects will include continuous monitoring for NOx, SO2, CO, CO2, 

O2' and THC, as well as particulate loading and particle sizing 

measurements. All of these substances will be collected both at the ESP 

inlet and ESP outlet. 

3.1 POINT SOURCES 

The Edgewater facility has two point sources. One source is the stack 

for Unit #4, which is the unit that is being used in the demonstration. The 

other source is the stack shared by the other two boilers. 

3.1.1 Compliance Monitorinq 

Compliance monitoring is currently required by the Ohio EPA for 

Unit #4, as specified in their air permit. The permit was recently 

re-issued on November 6, 1987. 

Compliance monitoring is conducted for opacity, particulates, and coal 

composition. A coal sample collected as the bunker is loaded each day is 

analyzed daily, and sulfur dioxide emissions are calculated based on the 

sulfur content of the coal. A stack test for particulate matter is required 

once every three years. Opacity is monitored continuously by an in-situ 

opacity monitor. Permit requirements for compliance monitoring are 

summarized in Table 3-l. 
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TABLE 3-l. SUMMARY OF CURRENTLY REQUIRED AIR COMPLIANCE MONITORING 

Permita 
Substance Level Frequency Averaging Monitoring Durationd 

(lb/MMBtul of Monitorinq Aooroach Method (vrsl 

SO2 

30 day Analysis 
weighted, of a daily 

3.4b Daily rolling coal sampleC 3 
average 

Opacity 20%e Continuously 6 minute In-situ 3 
block opacity 
average monitor 

Once Average of EPA 
Particulate 0.1 every 3 3 one hour Reference 3 
Loading test runs test runs Method 5 

alb/MMBtu = pounds of pollutant emitted per lo6 Btu actual heat input. 

b30-day weighted, rolling average. 

'A daily composite sample of the coal to be burned each day is collected 

according to ASTM D2234. The sample is analyzed for ash, sulfur and heat 

content according to ASTM D3174, D3177, and 03015, respectively. The SO2 

emission rate is calculated from this analysis for each day, and a 30-day 

rolling weighted average SO2 emission rate is calculated for each day. 

dThe air permit is granted for 3 years. 

eUp to 60 percent opacity is allowed for a duration of up to six minutes per 

hour. This regulation is applicable during start-up, once the flue gas 

temperature reaches 250°F at the ESP inlet. 
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Although PM monitoring is already required by the State air permit, the 

frequency of monitoring will be increased to once every three to six weeks 

(i.e., for each set of new test conditions) for the EMP. Opacity monitoring 

and coal sampling will continue as before. 

3.1.2 Suoolemental Monitorinq 

Supplemental monitoring will be conducted for particulates, PMIO, S02, 

NO,, and CO. The location, frequency, method, and duration of these tests 

are presented in Table 3-2. These substances were included either because 

they are regulated by the State air permit or because they are criteria 

pollutants under the National Ambient Air Quality Standard (NAAQS). Also, 

CO2 and O2 will be monitored to aid in the interpretation of the S02, NO,, 

and CO results. 

The test matrix for the LIMB Extension and Coolside projects already 

includes monitoring for these parameters. Thus, the supplemental monitoring 

data would be obtained from the test program and reported separately in the 

EMP quarterly and annual reports. 

3.1.2.1 Rationale for Substances To Be Monitored. Emissions from 

Boiler #13 (Unit #4) are expected to decrease for SO2 and NO, and increase 

for particulates. CO, PMlO, and NO, are also expected to be affected. 

Expected plant emissions were calculated in the Environmental Information to 

Fulfil1 NEPA Information Reauirements for the DOE LIMB DEMONSTRATION PROJECT 

EXTENSION report dated May 20, 1987 (Appendix I). 

Left uncontrolled, SO2 emissions would increase during the LIMB 

Extension project due to use of coal with a higher sulfur content. However, 

the LIMB and Coolside technologies are expected to reduce uncontrolled SO2 

emissions below the controlled SO2 emissions that occur when low sulfur coal 

is used with the existing control technology (ESP). 

Since LIMB and Coolside technologies reduce SO2 emissions once the coal 

has been combusted, another approach other than that required by compliance 

testing will be necessary. The compliance approach is based on the coal 

sulfur content, and not an analysis of the flue gas. The recommended 

approach is continuous monitoring of the flue gas from Boiler 13. This 

monitoring is already included as part of the test plan for the LIMB 

Extension and Coolside test programs. 
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Additional monitoring will be necessary to document particulate matter 

emissions. Opacity is required for compliance, but is not directly 

correlatable to particulate loading. Furthermore, the Method 5 testing 

requirement for compliance is infrequent (once every three years). A 

recommended approach, therefore, is to increase the frequency of the Method 

5 testing to one series (three test runs) for each test condition 

(coal/sorbent combination) approximately every 3 to 6 weeks. This will be 

the frequency used for Method 5 testing for the test program. On-site 

particulate analysis is also recommended for a quick turn-around of results. 

This allows for more complete reporting of the emissions monitoring results. 

NO, emissions are expected to be reduced during the LIMB Extension and 

Coolside programs. During the LIMB program, the existing B and W circular 

burners were replaced with low-NOx B and W XCL burners. 

The addition of the sorbent is expected to change the particle size 

(PMlo) distribution of the particulate.emissions. The pulverized lime may 

increase the fraction of fine particulate or poorer ESP performance may 

increase the fraction of larger particulate passing through the ESP. It is 

uncertain which will be the dominant factor. 

CO emissions are expected to increase due to the low-NOx burners. 

Low-NO, burners use staged-air combustion which typically result in higher 

unburned carbon levels. 

3.1.2.2 QA/QC Proaram. The quality assurance/quality control program will 

ensure data quality and completeness. The QA/QC program for the LIMB 

Extension and Coolside test programs will be followed. The QA/QC data will 

be reported along with the respective emissions data in each quarterly 

report. 

Prior to the test program, the CEM's will be certified according to 

Performance Specifications 2 and 3 of the New Source regulations to 

establish that the drift and relative accuracy of the instruments are within 

prescribed limits. CEM instruments will be calibrated daily, and a daily QC 

check performed. 

For particulate matter sampling, QA/QC procedures will include 

adjusting the acetone fraction results for the acetone blank and weighing to 

constant weight (to the nearest 0.1 mg) until three weighings are within 
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0.5 mg, or one percent of total weight less tare weight. Also, during 

sampling, isokinetics will be maintained at 100 + 10 percent, the filter 

will be maintained at a temperature of 248'F + 25, and the flue gas exiting 

the ice bath will be maintained below 68'F. 

QA/QC procedures for particulate size distribution include those for 

particulate sampling. In addition, the filtering substrate will be 

evaluated for weight gain reactions with the flue gas (such as S02) and 

trials runs will be performed and checked for evidence of particle bounce, 

re-entrainment and overloading. 

3.2 FUGITIVES 

Fugitive dust at the Edgewater plant can be generated from the plant 

roadway and parking areas, coal storage pile, coal material handing, ash 

material handling and ash disposal site. Due to the greater volume of ash 

generated, additional fugitive dust may be generated during ash handling. 

3.2.1 Comoliance Monitorinq 

Existing permits regulate fugitives from plant roadways and parking 

areas, coal storage pile, coal material handling, ash material handling and 

the ash disposal site. Compliance regulations are summarized in Table 3-3. 

Ambient air monitoring by the plant is not required by Ohio EPA and was 

discontinued by Ohio Edison in 1986. 

3.2.2 Suoolemental Monitoring 

Supplemental monitoring for fugitives is not considered necessary since 

impacts are expected to be minimal. Existing procedures are expected to 

control any additional fugitive dusts that may be generated by ash material 

handling. 

The sorbent unloading operation for the test program will be pneumatic, 

and will include a fabric filter on the silo to control emissions during 

unloading. Thus, no additional fugitive dusts are expected from this 

operation. 

Vehicular emissions (CO, hydrocarbons, and NO,) were calculated for the 

additional traffic for transportation of construction material, coal, 

sorbent and ash, and impacts to ambient air quality were found to be minimal 

(see Appendix I). These effects are not considered significant enough to 

require supplemental monitoring. 
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TABLE 3-3. SUMMARY OF FUGITIVE COMPLIANCE REQUIREMENTS 

Source Control Methods 

Plant Roadways and 

Parking Areas 

(Paved and Unpaved 

Surfaces) 

Coal Storage Pile 

to Stationary Conveyor 

Stacker Bulldozer 

Coal Material Handling 

(coal unloading, con- 

veying and transfer 

equipment 

Ash Material Handling 

(flyash conveying, 

storage silo and load- 

ing equipment) 

Ohio Edison Ash Dis- 

posal Site (bottom ash 

and flyash trucks) 

1. Sweeping and flushing of paved surfaces. 

2. Watering or chemical treatment. 

3. Cover trucks and water-wash vehicle wheels. 

Application of water or dust suppression chemicals 

minimize or eliminate visible emissions. Applied 

as needed. 

1. Enclosed coal carrying conveyors and transfer 

points. 

2. Routine inspection and repair of enclosures. 

1. Flyash watering system operated continuously 

during truck/loading. 

2. Use of flexible chute for tank trucks. 

3. Covering of flyash trucks. 

4. Water-washing flyash off of truck wheels 

5. Operation of equipment to minimize fugitive 

dust. 

1. Applying water to ash at the generator site. 

2. Seeding and covering of stored ash. 

3. Vehicular traffic speed of 5 to 10 miles per 

hour. 

4. Treatment of unpaved entrance and service roads 

once every 3 weeks as a minimum. 

ALE051 3-7 



3.3 AMBIENT MONITORING 

Ambient air concentrations of pollutants vary due to several factors 

including point source emission rates and characteristics, fugitive 

emissions, and meteorology. 

3.3.1 Comoliance Monitoring 

The Edgewater plant is under the jurisdiction of the National Ambient 

Air Quality Standards (NAAQS). Regulations exist for S02, CO, TSP, NO,, 

photochemical oxidants (ozone) and lead, and are summarized in Table 3-4. 

The Edgewater plant is located in a designated attainment area for SO, 

emissions and a secondary non-attainment area for TSP. 

Ambient air monitoring for compliance purposes is conducted by the 

State according to its State Implementation Program (SIP). The Edgewater 

plant conducted several years of ambient monitoring, but ceased this 

monitoring at the end of 1986. 

3.3.2 New Requlations and Imoact 

Effective July 31, 1987, ambient air quality monitoring requirements 

for PMIO (particles less than a nominal 10 micrometers in diameter) were 

established. 

3.3.3 Suuolemental Monitorinq 

No additional ambient monitoring will be necessary for the LIMB 

Extension and Coolside demonstration projects. Since SO2 and NOx emissions 

from the point source are expected to decrease during the test program, the 

cost of supplemental ambient air monitoring does not appear to be justified. 

It may be as effective to estimate the impact of S02, NO,, CO and 

particulates on ambient concentrations by using a dispersion model. The new 

PMIO regulations will be addressed using Method 5 test results, coupled with 

particle size distribution results. Ohio Edison conducted ambient 

monitoring from 1983 to 1985 for SO, and NO, and from 1983 to 1986 for TSP. 

Also, stack test data exist for the same ambient monitoring period. 

New stack test data will be compared to existing stack data to make 

conclusions regarding the resultant ambient concentrations. Using these 

data to establish baseline ambient levels, changes in the ambient 

concentration during the test program will be estimated using dispersion 

models. 
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TABLE 3-4. SUMMARY OF NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS) 

Substance 

Maximum 24-Hour Concentration Annual 

Not to Be Exceeded More Than Arithmetic 

Once Per Year. w/m3 loom) Mean, w/m3 (ppm) 

SO2 - primary 

- secondary 

365 (0.14) 

1,300 (0.50) 
(Maximum 3-hour 
concentration) 

80 (0.03) 

PM - primary and secondary 150 

CO'- primary 10,000 (9) 
(no secondary regulation) (a-hour average) 

40,000 (35) 
(hourly average) 

Ozone - primary and secondary 235 (0.12) 
(hourly average) 

NO, - primary and secondary 

Lead - primary and secondary 

50 

100 (0.053) 

1.5 (maximum 
arithmetic mean 

averaged over 
calendar 
quarter) 
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Radian will perform the dispersion modeling calculations. Costs 

presented in Section 8 include dispersion model calculations for each 

quarter. 
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4. WASTEWATER MONITORING REQUIREMENTS AND RECOMMENDATIONS 

This section discusses the requirements and recommendations for 

sampling and analysis of existing plant wastewater outfalls during the 

demonstration project. The outfalls that must be monitored and compliance 

and supplemental monitoring requirements are identified. Timing of the 

supplemental monitoring is discussed, and necessary QA/QC procedures are 

outlined. 

4.1 PLANT WASTEWATER DISCHARGES 

The wastewater discharge points at the Edgewater Power Generation 

Station are shown in the water balance diagram in Figure 4-1. The 

wastewater outfalls and intake structures are listed below: 

1. Outfall 001 - consists of condenser cooling water and discharges 
to Lake Erie; 

2. Outfall 002 - consists of intermittent stormwater runoff from the 
fuel tank spill containment basin area, and also discharge- '.o 
Lake Erie; 

3. Outfall 601 - discharges secondary ash pond effluent. Outfall 601 
consists of all major plant wastewater streams and storm water 
runoff, including runoff from the truck loading and unloading 
area. This outfall will contain any additional effluents as a 
result of the LIMB Demonstration Project Extension and discharges 
to the plant water intake channel; 

4. Outfall 606 - consists of intermittent boiler blowdown discharge 
and drains to the Outfall 001 tunnel. 

4.1.1 Comoliance Monitorinq 

The current National Pollutant Discharge Elimination System (NPDES) 

permit was issued by the Ohio EPA to Ohio Edison for discharging wastewater 

from the Edgewater Station. This permit requires wastewater monitoring at 

Outfalls 001, 002, 601, and 606, in addition to the monitoring of two intake 

points (801 and 802). A summary of current monitoring requirements imposed 

by this permit on each discharge point is presented in Table 4-l. Compliance 

monitoring on the outfall that will be impacted by the demonstration project 

(Outfall 601) includes flow estimation, total suspended solids, and pH 

sampling and analysis twice per week; and total phosphorus, oil and grease, 

and arsenic monitoring required on a monthly basis. 
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4.1.2 Future Requlations and Impacts 

To date, the Ohio EPA is not considering future wastewater discharge or 

water quality regulations that would impact monitoring of any of these 

outfalls during the demonstration project. 

4.1.3 Suoplemental Monitoring 

Large quantities of sorbent chemicals will be injected into different 

parts of the boiler during the demonstration project. These chemicals may 

include hydrated calcitic lime, hydrated dolomitic lime, calcitic limestone, 

and dolomitic limestone. Therefore, additional sampling and analysis is 

recommended of Outfall 601 wastewater. Calcium levels will be monitored, 

and more frequent pH monitoring will be performed. This supplemental 

monitoring is recommended to assess the impacts of: 

1. The addition of 44 percent CaO to the existing 1,000 GPM 
wastewater stream from the ash handling system hydraulic 
exhauster; 

2. Additional lime contamination from the truck unloading area during 
area washdowns and storms; and 

3. Non-contact cooling water discharges from the new sorbent feed 
pump compressor and fluidizing air refrigerant dryer, which may 
contain lime and limestone contaminants. 

In order to establish a baseline data set, supplemental monitoring 

should begin during the current construction phase. Substances to be 

tested, test methods (EPA storet numbers), sampling frequency, and duration 

for supplemental operation monitoring are presented in Table 4-2. 

Section 42.1 discusses supplemental monitoring during the construction 

phase of the project. 

4.2 TIMING 

Supplemental wastewater monitoring will be performed in two phases: 

construction monitoring and operation monitoring. Because construction of 

equipment for the LIMB Extension Demonstration and Coolside Technologies is 

now underway, no pre-construction monitoring will be possible under this 

plan. Some pre-construction monitoring has already taken place, and those 

data have been obtained under the current NPDES permit. Additionally, no 
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post-project monitoring in addition to the current NPDES requirements is 

anticipated. However, the results of operation monitoring will clarify the 

need, if any, for post-project monitoring. 

4.2.1 Construction Monitoring 

Supplemental monitoring during the construction phase of the 

demonstration project will be limited to a composite of weekly grab samples 

of Outfall 601 wastewater, which will be split into two samples, each one 

analyzed for total calcium (EPA storet number 00916). This analysis, 

performed using routine laboratory titrametric glassware, will establish a 

baseline lime/limestone contamination level in Outfall 601 wastewater. 

4.2.2 Operation Monitorinq 

Supplemental monitoring recommended during the operation phase of the 

demonstration project is presented in Table 4-2. Daily monitoring of pH and 

weekly monitoring of total calcium is recommended of the Outfall 601 

discharge stream. 

4.3 QUALITY ASSURANCE/QUALITY CONTROL 

Methods for ensuring quality assurance and quality control are 

incorporated into standard methods used to measure wastewater flows, 

temperatures, and pollutants. A summary of necessary additional QA/QC 

procedures is presented in Table 4-3. 
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5. SOLID WASTE MONITORING REQUIREMENTS AND RECOMMENDATIONS 

This section presents the monitoring requirements and recommendations 

for ash generated during the demonstration project, as well as for ground 

water in the vicinity of the ash disposal site. Section 5.1 discusses the 

recommendations for monitoring electrostatic precipitator (ESP) ash during 

the demonstration project and Section 5.2 summarizes ground-water monitoring 

requirements. Section 5.3, Timing, outlines what types of monitoring will 

be required or recommended during the various phases of the demonstration 

project, and Section 5.4 presents the QA/QC requirements. 

5.1 ESP ASH MONITORING 

The chemical and physical nature of the Edgewater ESP ash will change 

considerably after start-up of the LIMB Demonstration Project Extension and 

Coolside projects, due to the addition of four different types of sorbent 

into the boiler furnace or flue. Also, the mass rate of ESP ash generated 

at the station will increase approximately 170 percent. Testing and 

monitoring are recommended to assess the environmental impacts of these new 

ash types. 

5.1.1 Comoositional Monitorinq 

Composite samples of ESP ash will be collected prior to the 

demonstration project, and again during the injection of each type of 

sorbent used during the demonstration. The sample description, frequency of 

sampling, and sample type necessary for monitoring the composition of the 

ESP ash, are presented in Table 5-l. Analytical recommendations are 

presented in Table 5-2. 

5.1.2 Leachate Monitorinq 

The same samples collected for compositional monitoring will also undergo 

leachate testing. Two leachate procedures will be performed: 

1. The EP Toxicity procedure. Leachate from this procedure will then 

be analyzed for the eight RCRA metals; and 

2. The Toxicity Characteristic Leachate Procedure (TCLP). Leachate 

from the TCLP will be tested for all of the compounds presented in 

Table 5-3. If appropriate, a different leaching procedure may be 

used for some of these compounds. 
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TABLE 5-2. SUPPLEMENTAL ESP ASH ANALYTICAL RECOMMENDATIONS 
AT THE EDGEWATER FACILITY 

Parameter 
EPA Method Instrument 

Number Required 

Corrosivity 1110 Resin flask with thermowell 
and automatic temperature 
control. 

TCLPa b Extraction apparatus. 

E.P. Toxicity C Extraction apparatus, 
(RCRA metals) Atomic absorption spectro- 

photometer. 

Permeability d d 

aA different leaching procedure may be substituted here for some 
of the analytes in Table 5-3, if appropriate. 

b Method is listed in 51 FR 40636,~November 7, 1986. See Appendix E 
for a copy of the complete method. 

'Procedure is outlined in 40 CFR 261, Appendix II. Procedures for 
analysis of RCRA metals are presented in Appendix B of this 
report. 

d Specific method and apparatus will be addressed later. Ash will 
be stabilized by adding a small quantity of water, and permeabi- 
lity will be performed using the same methods Southern Research 
Institute (SoRI) used on LIMB process ash by-products generated 
in a pilot-scale facility. 
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TABLE 5-3. ANALYSES RECOMMENDED ON LEACHATE GENERATED FROM 
THE TCLP PERFORMED ON EDGEWATER ASH SAMPLES 

Parameter 

EPA Method 

Number 

Instrument 

Required 

PH 9045 

Chloride 9252 

Copper 7210 

Iron 7380 

Fluoride 340.2 

Potassium 7610 

Sodium 7770 

Nitrate (N03) 9200 

Sulfate (S04) 9035 

Calcium Hardness 309A 

Total Hardness 309A 

P Alkalinity 403 

T Alkalinity 403 

Acidity 305.1 

Chemical Oxygen Demand (COD) 410.4 

Total Organic Carbon (TOC) 9060 

Phenols 8040 

Total Dissolved Solids (TDS) 208C 

pH meter 

Standard laboratory 
titrimetric equipment 

Atomic absorption 

Atomic absorption 

pH meter 

Atomic absorption 

Atomic absorption 

Spectrophotometer 

Automated continuous 
flow analytical instrument 

Titrimetric equipment 

Titrimetric equipment 

Electrometric titrator 

Electrometric titrator 

pH meter 

Bench-scale reactor 

Bench-scale reactor 

Gas chromatograph 

Evaporating dishes & 
analytical balance 
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5.2 MONITORING WELL TESTING 

There has not been a final determination on the waste classification of 

ash generated during the LIMB Extension Demonstration Project Extension. 

This ash may either be classified as a solid waste or simply as a waste. 

The ash classification determines where the ash may be disposed of. 

Regardless of ash classification, monitoring wells will probably be in place 

or installed so that ground water in the vicinity of the disposal site can 

be monitored. The following subsections outline what monitoring will be 

performed on the ground water collected from these wells. 

5.2.1 Comoliance Testinq 

The existing landfill for solid wastes generated at the Edgewater Plant 

has five active monitoring wells. This landfill, however, will not be used 

for disposal of ESP ash collected during the demonstration project. Another 

landfill will be selected for disposal of ash from demonstration testing. 

Monitoring wells and routine sampling and analysis will be included as a 

requirement for selection of a disposal site. Table 5-4 lists the 

substances that will be analyzed and the frequency of sampling and analysis 

of the monitoring wells at the selected site. 

5.2.2 Supolemental Testinq 

No supplemental testing or analysis is recommended for ground water at 

the ash disposal site. The Department of Energy/Morgantown Energy 

Technology Center (DOE/METC) is conducting a research project on the safe 

disposal of solid wastes from advanced coal combustion processes. Part of 

this project will be comprehensive ground-water monitoring beneath a test 

cell that will contain LIMB ash waste from the LIMB Demonstration Project at 

the Edgewater Power Plant.' At this time, it is not known whether the test 

cell will be located at the same disposal site that will receive ESP ash 

waste from the LIMB Demonstration Project Extension. 

If it is, the ground-water monitoring data generated during this 

program may be used as an indication of the impacts that LIMB Extension ESP 

ash is likely to have on ground water beneath the site. 

'Radian Corporation. Field Testing of Disposed Solid Waste From Advanced 
Coal Processes. Field Test Plan. Radian Document Number 88-218-044-07. 
Austin, Texas. June 1988. 
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TABLE 5-4. GROUND-WATER MONITORING THAT WILL BE REQUIRED 
AT THE LIMB EXTENSION ASH DISPOSAL SITE 

Parameter Parameter Frequency 

Arsenic (As) 

Barium (Ba) 

Cadmium (Ca) 

Chloride (Cl) 

Chromium (Cr) 

Copper (Cu) 

Iron (Fe) 

Fluoride (F) 

Mercury (Hg) 

Potassium (K) 

Sodium (Na) 

Lead (Pb) 

Selenium (Se) 

Nitrate (NOS) For all parameters and 

Sulfate (S04) all wells, sampling an' 
analysis will be 

PH conducted on a semi- 

Conductivity annual basis (prior to 
Dec. 15 and prior to 

Calcium Hardness June 15 of each year). 

Total Hardness 

p alkalkinity 

m alkalinity 

Acidity 

Chemical Oxygen Demand (COD) 

Total Organic Carbon (TOC) 

Phenols 
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5.3 TIMING 

5.3.1 Preconstruction Monitoring 

As was previously mentioned, construction of equipment for the LIMB 

Extension and Coolside projects is now underway. Preconstruction monitoring 

will consist of compiling data already obtained by Southern Research 

Institute (SoRI) on Coolside-type ash and compiling any available monitoring 

well data that has already been collected on relevant tests. 

5.3.2 Construction Monitorinq 

Supplemental compositional and leachate monitoring of LIMB ash should 

begin now, during the current phase of construction. These test parameters, 

methods, sampling frequency, and sample types desired are outlined in the 

previous sections. 

5.3.3 Ooeration Monitorinq 

Monitoring during operation will consist of compositional and leachate 

testing of ash samples only. These samples will be composites of grab samples 

collected from the ash hoppers. Twelve composites will be collected, one for 

each sorbent/coal combination that is demonstrated during operation of the 

new equipment, as outlined in Table 5-1. Analysis on one of these 

composites will be duplicated. Therefore, a total of 13 composite ash 

samples is estimated to be analyzed during operation of the LIMB Extension 

project. 

5.4 QUALITY ASSURANCE/QUALITY CONTROL 

Methods for ensuring quality assurance and quality control are 

incorporated into the standard methods that will be used to analyze both ash 

compositional samples, leachate samples, and groundwater samples. One blind 

duplicate sample will be prepared for every ten samples collected, or one 

for every set of the same type of sample and analyses, if the number of 

samples in the set is less than ten. This blind duplicate will be split 

from one of the well-mixed samples in the set, will be numbered, and will be 

submitted for analysis. 
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6. HEALTH AND SAFETY CONSIDERATIONS AND 

MONITORING RECOMMENDATIONS 

6.1 PURPOSE AND SCOPE 

The purpose of conducting industrial hygiene monitoring is to ensure that 

the process being evaluted does not cause the overexposure of employees to 

toxic or harmful agents. The Occupational Safety and Health Act of 1970 

requires that employers provide employment that is free of recognized hazards. 

The Occupational Safety and Health Administration (OSHA) has established 

exposure standards for the materials to be handled in this process and for 

noise. As the technology developed in this project may be transferred to 

other facilities, determining the hazards associated with it will ensure that 

the Department of Energy and Babcock and Wilcox Company will not incur 

liability for worker exposure to toxic agents and noise. 

The scope of these recommendations are limited to the hazards that may be 

anticipated during the performance of the Coolside Demonstration. In 

developing these recommendations, it was assumed that the initial DOE LIMB 

demonstration project's health and safety hazards were identified, evaluated, 

and adequately controlled. These recommendations address only the health and 

safety hazards that are anticipated to be significantly different from those 

identified in the initial project. 

6.2 LIME HANDLING 

Lime handling operations present three potential scenarios for employee 

overexposure to calcium oxide; namely, off loading of bulk raw material, 

maintenance/cleaning operations, and accidental breakage of a transfer line 

while under pressure. The OSHA Permissable Exposure Limit (PEL) for calcium 

oxide is 5 mg/m3, while the ACGIH Threshold Limit Value (TLV) is 2 mg/m3. 

Both limits are on an eight hour time weighted basis. It is recommended that 

the more stringent standard, the TLV of 2 mg/m3, be used as a standard to 

evaluate measured exposures. 
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6.2.1 Monitorinq Recommendations 

Monitoring for employee exposure to calcium oxide should be performed 

early in the project. As the nature of lime handling is not expected to 

change significantly during the life of the project, an initial monitoring 

round should prove sufficient to accurately determine and document employee 

exposure. Exposure levels should be determined for personnel off-loading bulk 

material. 

Worker complaints regarding skin irritation due to lime dust should be 

monitored continuously during the life of the project. 

6.3 ASH HANDLING 

Ash handling operations present two potential scenarios for employee 

ov,erexposure to several different materials. The two possible scenarios would 

be maintenance/cleaning of, and accidental breakage of transfer lines leading 

to the pug mill. The composition of the ash, in terms of substances present 

and particle size distribution, will determine if employee exposure to the ash 

presents a hazard. The substances that may be present in the ash are 

presented in Table 6-l. In cases where PELs and TLVs differ, it is 

recommended that the more stringent of the two be used for a particular 

compound. 

6.3.1 Monitoring Recommendations 

Monitoring of employee exposure to ash should be performed early in the 

project and on at least a quarterly basis thereafter. Monitoring should also 

be performed if the composition and/or particle size distribution of the ash 

changes significantly. We recommend that bulk samples be taken of the ash 

being handled on the day that personnel exposure is measured. By first 

analyzing the bulk material for the substances listed in Table 6-1, it may 

be possible to limit the number of substances analyzed for in the personnel 

samples. 

Personnel for which samples should be obtained would include those 

persons working in the pug mill area and those loading the waste ash into 

hauling vehicles. If the project will require a planned maintenance/cleaning 

shutdown, the exposure of persons working on transfer lines and the pug mill, 

and those engaged in cleaning or repairing bulk storage facilities should also 

be assessed. 
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6.4 SULFURIC ACID HANDLING 

The primary health and safety considerations for sulfuric acid handling 

center around basic safety parameters such as spill control, bulk off loading 

safety and tank and line labeling. 

6.4.1 Monitoring Recommendations 

The OSHA PEL and ACGIH TLV are both 1 mg/m3 on an eight hour time 

weighted basis. Because people typically will not tolerate this level of 

exposure except for short lengths of time due to eye, nasal, and airway 

irritation, sulfuric acid monitoring will probably not be necessary. However, 

if workers complain of irritation, their exposures should be measured at the 

earliest available opportunity. 

6.5 NOISE 

It is not known if noise levels associated with the air injectors will be 

significantly higher than those associated with boilers. 

6.5.1 Monitoring Recommendations 

The noise levels associated with the air injectors should be measured and 

compared with those associated with normal boiler operation. This monitoring 

should be performed throughout the project. Areas with noise levels 

significantly higher than normal (t3 dBA), potentially around the air 

compressors and booster fans associated with the lime feed system and additive 

injection system, should be posted with signs recommending that hearing 

protection be used. 

6.6 TRUCK TRAFFIC 

This project is expected to require from 22 to 24 additional truck trips 

per day. This will not have a significant impact on employee health and 

safety. It will increase the risk of accidental injury due to the numbers of 

vehicles involved, but, if normal safe driving procedures are followed, this 

increased risk will be kept to a minimal, or no effect, level. 

6.7 DOCUMENTATION 

The OSHA Medical Records Access Rule (2gCFR 1910.20) requires that the 

employer of employees sampled preserve and maintain exposure records for 

30 years. This rule also requires that employees, or their designated 

representative, have access to exposure records within 15 days after the 

request for access is made. 
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7. INFORMATION MANAGEMENT AND REPORTING 

The Information Management and Reporting System will address management 

techniques and procedures, as well as compliance and supplemental monitoring 

activity data flows and procedures. 

7.1 MANAGEMENT AND PROCEDURES 

The proper performance of management and procedures for reporting 

environmental monitoring data will be the responsibility of the Radian Project 

Director. Data gathering and reporting will emphasize confirmation of results 

by,employing a system of review and checking as shown in Figure 7-l. 

The data management team is located within the project organization under 

Task 6, as shown in Figure 7-2. Environmental data management activities will 

be scheduled as part of the overall project management activities. 

Available resources for data reduction include experienced data 

collection and reduction staff members. In terms of hardware, a minimum of 

two microcomputers located in the Radian CEM trailer will be on-site to aid in 

data reduction. In addition, associated and backup equipment will be 

available. Most of this equipment currently exists on-site and was used for 

the EPA LIMB project. 

Data will be collected, stored, analyzed and reported during the 

construction and operating phases of the program. Environmental monitoring 

data will be summarized on a quarterly basis and submitted by February 1, May 

1, August 1, and November 1. Daily results will be reduced by the end of the 

following day. 

QA/QC results will be summarized and explained with the respective 

sampling data. All original data sheets and reported laboratory results will 

be stored and copies will be used for calculations and evaluation. Originals 

will be identified as such. 
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Daily review of data sheets 
for completeness and 
accuracy by Test Team 

Leader on site 

Draft results 
prepared by 

Data Reduction Team 
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- Independent review 
by PA/QC Officer 

Review by Reporting 
Task Leader 

Review by 
Project Director 

Figure 7-l. Review Scheme for Data Management 
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TABLE 7-3. SUMMARY OF HEALTH AND SAFETY DATA ELEYENTS 
TO BE COLLECTED, STORED, AND ANALYZED 

Data Element Recording Methodb Analyses 

Noise Levels 

Calcium Oxide Dosimiters 

Record in logbook 
and computer 

Record in logbook 
and computer 

On-site 
readings 

Off-site Lab 

Ash (Nuisance Dust) Dosimeters Record in logbook 
and computer 

On-site Lab 

Bulk Ash Samples, Analyzed for: Record in logbook 
and computer 

Off-site Lab 

Arsenic 
Barium 
(Soluble Compounds as Ba) 
Cadmium (as Cd), Dust 
Chromium (as Cr), Soluble Salts 
Chromium (as Cr), Metal and 

Insoluble Salts 
Chromium (VI) Compounds, as Cr 
Lead 
Mercury 
Selenium, as Se 
Sulfur Dioxide 

aSee Table 6-l for sampling and analytical methods and instrumentation. 

bEmployee exposure measurements and accompanying documentation will be 
submitted to B&W for their employee exposure records. 
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The chain-of-custody of samples and data is illustrated in Figure 7-3. 

The CEMs sample acquisition system is illustrated in Figure 7-4. 

7.2.2 Wastewater and Solid Waste Monitoring 

The data flow, from monitoring sources to final data processing and 

analysis for all wastewater, ash, and collected ground-water samples, will 

follow this sequence: 

1. Collect and label sample(s); 

2. Log time, date, location, sample type, sample identifier, and tests 

to be run in bound sample log book; 

3. Log initials of sampler in log book; 

4. Fill out chain of custody form(s). 

If the samples collected are grab samples being composited, the sequence 

ends when the composite is complete. For completed composite samples and 

other grab samples, the following additional steps must be followed: 

5. Submit sample(s) for analyses, along with chain of custody form(s); 

6. Receive hardcopy of analysis and QA/QC results from laboratory with 

final custody form, and log date of receipt in log book; 

7. Record analysis results in log book, if tests run are required 

compliance tests; 

a. Enter data into computer for final analysis and reporting; and 

9. Store hardcopy in permanent file. 

7.2.3 Health and Safetv Monitoring 

The data flow from dosimeters, bulk samples, and noise level monitoring 

sources to final data processing and analysis will follow the sequence below: 

1. 

2. 

3. 
4. 
5. 

6. 

7. 

a. 

Collect and label samples, or take readings; 

Log date, time, location, reading or sample type, sample identifier, 

and tests to be run on sample in a bound log book. 

Log initials of sampler/data-taker in logbook; 

Fill out chain of custody forms; 

Submit samples for analysis, along with chain of custody forms; 

Receive hardcopy of analysis and QA/QC results from laboratory with 

final custody form, and log date of receipt in log book. 

Record analysis results in log book and computer for later quarterly 

and annual reporting, and compare to TLVs and PELs. 

If higher than TLVs or PELs, alert B & W at once. 
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7.3 DATA MANAGEMENT AND REPORTING TECHNIQUES 

A microprocessor-controlled data logging system is used for the CEM data. 

A Compaq Deskpro 286 Personal ComputerR with 640K of internal memory is used. 

This computer system will also be used to store and access the wastewater, 

solid waste, and health and safety monitoring data. Data is stored on a hard 

disk and backed up on high density floppy disks. Files are backed up at the 

end of each test run. An index is kept of the contents of each disk. 

IBM PCR compatible software is used to reduce all of the environmental 

monitoring data and produce summary graphs and charts. Near-letter quality 

printouts can be obtained from the wide-carriage Epson FX286eR printer. 

Software typically used includes MS-DOS (version 3)R, Basic 3.0R, Lotus 1 2 
3R, Harvard Presentation GraphicsR, and DBase IIIR. 

The on-site locations where the originals of the data sheets are filed 

and samples are stored are locked when Radian personnel are not on-site. 

All files related to the supplemental monitoring will be retained 

permanently unless specifically requested by the client. 

Particulate filters and catches and all solid waste (ash) samples will be 

retained until the reports are finalized. They may be retained longer if 

follow-on work is likely, requiring these samples (i.e., such as metals 

analysis). 

At the completion of the test program, all files will be stored on high 

density floppy disks with a backup for each disk. Hard copies of each file 

will also be retained. Disks will be stored in a temperature-controlled, 

dust-restricted environment. 

7.4 REPORTING FREQUENCY 

Quarterly reports will be submitted by February 1, May 1, August 1, and 

November 1. The fourth quarterly report will include an annual summary. 

Reports will be submitted to Dr. Earl Evans at the Department of Energy's 

Pittsburgh Energy Research Center. 

The content of the quarterly reports is outlined below: 

1. Highlights: 

a What happened during quarter; 
t Recommendations for changes; 
t Action items identified. 
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2. 

3. 

4. 

5. 

6. 

7. 

Project status: 

0 Plant description; 
e Design and operational changes; 
m Activities during quarter. 

Source monitoring: 

I) Discharge source monitoring (gaseous, aqueous, solid streams, 
and fugitives); 

0 Pollution control unit monitoring; 
l Products and by-products monitoring; 
0 Plant operating condition monitoring. 

Ambient monitoring: 

b Air; 
l Surface water; 
0 Ground water; 
m Soil; 
l Ecological; 
a Additional; 
a Plant operating conditions. 

Compliance monitoring status. 

QA/QC results. 

Monitoring problems/recommendations for change: 

a Problems encountered/envisioned; 
a Solutions; 
0 Recommended changes. 

Appendices: 

l Detailed source monitoring data; 
l Detailed ambient monitoring data; 
l Compliance monitoring report; 
a QA/QC results: 
* Modifications/changes to sampling and analytical methods; 
l Events that could have impacted monitoring results; 
(I Other attachments. 
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a. ENVIRONMENTAL MONITORING PLAN RESOURCE REQUIREMENTS 

Quarterly resources, in addition to those required for compliance and 

those already planned for the LIMB test program, are summarized in Table 8-l. 

For the air emissions, additional resources are required for dispersion 

modeling and preparing the reports. For wastewater, solid waste, and worker 

health and safety, additional resources are required for sampling and 

analysis, reporting, and travel. Resources used to implement phases of the 

Environmental Monitoring Plan will be reported on a quarterly and annual 

basis. 
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1.0 INTRODUCTION 

The purpose of this document is to present a self-contained volume of 

environmental information on the DOE LIMB Demonstration project Extension. 

The information will be used to facilitate DOE's preparation of the 

environmental documents required to comply with the National Environmental 

Policy Act of 1969 (NEPA). The OOE project is an extension of an ongoing EPA 

Limestone Injection Multistage Burner (LIMB) Demonstration. The EPA 

Demonstration is presently in the construction phase at the Edgewater facility 

of Ohio Edison. Efforts to develop, install and operate a flue gas humidifier 

system upstream of the electrostatic precipitator (ESP) in a bypass flue to 

primarily improve sulfur dioxide capture and secondly to improve precipitator 

performance is currently in the design engineering phase under a modification 

to the EPA base LIMB contract. Therefore, information concerning all 

potential environmental impacts is not available at this time. Estimates of 

impacts have been made as appropriate. 

The DOE project, as an extension to the EPA LIMB demonstration project, 

will provide funding to allow investigations of various coals and sorbents 

thus extending the technology data base. A second DOE LIMB extension activity 

is the Coolside demonstration which injects sorbent directly into the flue 

downstream of the air heater just prior to humidification. For this DOE 

activity, it is necessary to have the humidifier, designed in the EPA LIMB 

project, in operation. The original intent of the EPA humidification effort 

was to install the humidifier into an existing flue. However, in an effort to 

assure uninterrupted boiler operation, it was decided to place the humidifier 

in a bypass duct which can be isolated in the event of start-up problems. The 

DOE Project will provide the bypass. Hence, there will be overlap between the 

EPA Humidification work and the DOE project. 

The humidification portion of the EPA LIMB project will be carried out in 

the last 4 months of the project. Since humidification is part of the LIME 

program, there would be no additional impacts attributable to the humidifi- 

cation portion of the DOE Coolside project. For the purposes of this 
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document, the assumption is made that impacts attributable to the humidifi- 

cation will be quantified and considered. 

The EPA limestone injection multi-stage burner (LIMB) demonstration 

project is already underway with respect to low NO, burner operation. 

However, the sorbent injection system is under construction. The efforts 

described in this document cover an expansion of the LIMB project to determine 

the performance of LIMB over a wide range of coals and sorbents and to 

determine the performance of the Coolside sorbent injection process. 

LIMB has the potential to bring uncontrolled plants into compliance with 

state and federal regulations, promulgated as of January 1, 1986, at much 

lower cost than the installation of expensive wet scrubbers or even at lower 

cost than switching to low-sulfur coals imported from other regions. Coolside 

is a low-cost retrofit technology with the capability of reducing SO2 by 

injecting sorbents and additives into the flue gas duct just prior to 

humidification. Both these demonstrations will be conducted at Ohio Edison 

Company's Edgewater Station, Unit No. 4, in Lorain, Ohio. 

The proposed work falls under DOE's Clean Coal Technology Program 

"emerging clean coal technologies" under categories "in boiler control of 

oxides of sulfur and nitrogen," and "post-combustion cleanup." The EPA LIMB 

testing program is scheduled to start in mid-May 1987 and will run for 

12 months. The DOE funded portion of the project will be conducted over 

43 months consisting of the Coolside demonstration with 4 months of testing 

and the DOE LIMB demonstration of three further coals and four sorbents 

consisting of 14 months of testing. This document is organized as follows: 

Section 1.0 is the Introduction, Section 2.0 is the Summary of the 

Environmental Analysis, and Section 3.0 presents Existing Site 

Characteristics. A Project Description is contained in Section 4.0, and 

Consequences of the Project are discussed in Section 5.0. Regulatory 

Compliance is contained in Section 6.0, and Information Necessary for 

Evaluating Impacts to Water Resources is contained in Section 7.0. 
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2.0 SUMMARY Of ENVIRONMENTAL ANALYSIS 

The purpose of this chapter is to present a brief summary of the 

environmental, health, safety and socio-economic information and analysis for 

the LIMB Demonstration Extension Project. A tabular summary of the impacts 

relative to the existing situation at the Edgewater station is presented in 

Table 2-l. The majority of the impacts are short-lived, i.e., will disappear 

once the project has been completed. As the table shows, the impacts from the 

project will be largely beneficial or negligible with one exception: the 

impacts of the solid wastes produced by the demonstration. The demonstration 

project will produce some 20 to 30 acre-feet of solid waste requiring 

disposal. However, it should be noted that this material is classified as 

non-hazardous and that this material can be readily stabilized and has low 

permeabilities after curing. If this material is properly impounded in a 

licensed state landfill operating under the Ohio state requirements, it should 

have little or no impact on the environment. 

The proposed project presents very low environmental health and safety 

risks during construction, operation and disposition. There are no unique 

ecological communities being threatened by the project. Water emission 

streams will not significantly increase the volume of existing power plant 

streams and can be readily treated. 

No new environmental permits will be required as a result of this 

project, but some changes in existing permits will be required. A permit 

variance has been requested and granted to burn high-sulfur coal during the 

baseline demonstration phases of the project. A change has been requested 

in the facility's NPDES permit to account fur the additional wastewater 

emission sources entering the ash ponds which will be subsequently discharged 

from that outfall. The solid wastes will be managed in a state-licensed 

landfill. 

None of the additional waste streams generated from the facility will be 

uncontrolled. When burning low-sulfur coals, the SO, and NO, emissions will 

be reduced over what they would be in the absence of the LIMB extension and 

2-l 



TABLE 2-1. ENVIRONMENTAL IMPACTS OF PROPOSED ACTION 

LIMB Extension Coolside 

ENVIRONMENTAL EMISSIONS 

Air - so 
- NOX 
- PaPticulate 

Waste water 

Solid waste 

ENERGY 

HEALTH AND SAFETY 

WATER RESOURCES 

SOCIO-ECONOMIC IMPACTS 

Emolovment 

Irreversible commitment of resources 

t2 
t2 
-2 

-2 

-31 

-1 

-1 

-1 

+I 

-1 

t2 
t2 

0 

-2 

-2 

-1 

-1 

-1 

tl 

-1 

t fleneficial impact 
- Adverse impact 
0 No impact 
1 Negligible impact 
2 Small impact 
3 Moderate impact 
4 Large impact 
* Long term impact 
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Coolside technologies. The NO, emissions will be reduced during all testing 

by the low NOx burners to be used throughout testing. Particulate loading to 

the ESP may increase during portions of the LIMB extension test. However, the 

ESP used by the facility is oversized and is expected to be able to achieve 

the emissions level prescribed in the permit. The combination of the 

oversized precipitator and humidification which serves to increase SO2 removal 

in LIMB technology, to improve resistivity of the particulate, to reduce flue 

gas volume and to enhance ESP efficiency should achieve prescribed emissions 

levels. 

The pH and suspended solids levels in the ash pond effluent may be 

increased by the LIMB and Coolside technologies. However, provisions have 

been made for acid addition to maintain the pH within the permit limits. 

The most significant unresolved issue for the LIMB Demonstration Project 

Extension is the choice of solid waste disposal site. Until the site is 

identified the complete significance of potential environmental and 

socio-economic impacts cannot be determined. Environmental impacts from the 

chosen disposal site with respect to air emissions and runoff can be readily 

controlled and are expected to be insignificant. 

Another area of uncertainty involves performance of the ESP with 

increased solid loading in the flue gas. Baseline particulate tests were in 

compliance. However, comparisons of the mass loadings indicate that the ESP 

was apparently not performing up to specifications. This may have been the 

result of measuring condensable material in addition to particulate. Periods 

of non-compliance with the particulate emissions limits, if they occurred, 

would be short-lived and once detected, corrective actions would be taken 

immediately to rectify the problem. Humidification for improved SO2 removal 

would then be incorporated into the test program and provide improved 

precipitator performance. 
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3.0 EXISTING SITE CHARACTERISTICS 

3.1 SITE LOCATION 

The LIMB Oemonstration Project Extension will be performed at Ohio Edison 

Company's Edgewater Station. The station is located adjacent to Lake Erie, 

approximately 25 miles west of Cleveland and 90 miles east of Toledo, Ohio 

(see Figure 3-l). It is located in northeastern Ohio in Lorain County at 200 

Oberlin Avenue, Lorain, Ohio 45052 (see Figure 3-2). Map coordinates are 

82 degrees, 11 minutes east and 41 degrees, 28 minutes north. 

3.2 SITE DESCRIPTION 

The Edgewater facility has a total net demonstrated power capability of 

214 MWe and consists of three pulverized coal fired boilers serving two 

turbines and two oil fired combustion turbine generators. The station is used 

to provide power to the Ohio Edison System. Edgewater Unit No. 4 has a rated 

capacity of 105 MWe ;nd is presently burning eastern bituminous coal with a 

medium sulfur content of 1.5 to 1.7 percent. The boiler can consume 42.5 tph 

of coal. Total station coal consumption is 1,400 tpd with all units in 

operation. The coal is delivered by truck, and normally 45 to 50 trucks 

arrive at the facility per day. Unit No. 4 is equipped with a new oversized 

Lodge-Cottrell electrostatic precipitator. The facility utilizes 110 million 

gpd of once-through cooling water taken from Lake Erie and discharges 1.1 
million gpd of wastewater to the lake from the fly ash ponds. Fly ash and 

bottom ash are trucked to a 56-acre landfill located in Lorain County. 

The Edgewater Station occupies 21 acres of a manmade promontory or 

peninsula on the lake shore at the mouth of the Black River. The facility is 

bounded to the northeast by a filtration plant and railroad spur and to the 

south and southwest by residential areas. These areas are within 200 feet of 

the power building. Several schools are located within a half-mile of the 

facility to the south. Access to the site is limited to two entrances, both 

of which are from Oberlin Avenue. 
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Topographically, the site is divided into two fairly level parts by the 

lakeshore ridge which rises some 20 feet above the lake shore. Approximately 

two-thirds of the site is located below the ridge and this portion is about 

six feet above the normal lake level. A plot plan of the site is shown in 

Figure 3-3. The coal pile and two ash ponds occupy the majority of the lower 

portion of the site below the power station building. The power station 

building straddles the ridge. The eastern and the southern sides of the 

property are contained by a chain link fence. 

3.3 EXISTING OFF-SITE FACILITIES 

The Edgewater facility is serviced by a road, and access to the site is 

limited to two entrances, both of which are located on Oberlin Avenue on the 

east side of the plant. There is no operating rail access to the plant: 

however, a rail spur does exist. Raw and process water is obtained from the 

lake through a water intake pipe north of the main building, and cooling water 

is also drawn from the lake through a cooling water channel which extends from 

the lake to the power building on the western side of the property. 

Solid waste, principally bottom and fly ash, is trucked off-site and 

disposed of in a company-operated landfill in Sheffield Township, Lorain 

County, Ohio. This disposal site, a 56-acre tract, has been utilized for 25 

years as a solid waste disposal facility. However, a decision as to whether 

this facility will be used for disposal of LIMB extension solid waste has not 

been finalized. An alternate site for disposal of the ash is currently being 

sought by Ohio Edison. In addition, various commercial uses for the LIMB 

waste are under investigation. 

3.4 ENVIRONMENTAL SETTING 

The site of the demonstration is an existing coal-fired power station 

that has been operating since 1919. Very little, if any, natural vegetation 

exists on the 21-acre site, thus the impacts to the biota will be small. 

Summary information on the site and surroundings is provided in this section 

to aid determination of impacts. Much of the information has been taken from 

two environmental impact statements, one EIS prepared for Lorain Harbor and 
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one for the Lorain Westside facilities plan. The environmental setting of the 

solid waste disposal area cannot be provided at this time since a site has not 

been selected. 

3.4.1 Local Climate 

The region of the site exhibits a humid continental climate, typically an 

area of interaction between polar and tropical air masses. There are 

distinctive seasonal changes and the weather is variable. Continental polar 

air masses from Canada dominate the cold winters. During the summer, as 

maritime tropical air masses invade the northern latitudes, there is an 

increase in thunderstorms and precipitation. The temperature is variable over 

an annual heating cycle and ranges from 0 to 9OoF are common. Temperature and 

precipitation data for the study area are summarized in Table 3-l. Lake Erie 

near the Edgewater Plant presents an open fetch to the prevailing winds, 

increasing the importance of mixing by the wind. Figure 3-4 presents a wind 

diagram for the Beaver Substation, which is located approximately 2.5 miles 

southwest of the Edgewater facility. 

3.4.2 Ambient Air Oualitv 

Ohio Edison Company operated an ambient air quality monitoring network 

adjacent to the Edgewater facility until 1986. The locations of the four 

monitoring stations applicable to the Edgewater station are shown in 

Figure 3-5. The results of monitoring for 1983 through 1985 for SOx and NO, 

are given in Tables 3-2 to 3-7 and their monitoring of TSP for 1983 through 

1986 is given in Table 3-8. There have been some exceedences in the primary 

and secondary 24-hour standards for TSP at monitors adjacent to the station in 

1983 and 1984. In particular, the Andorka Lane station showed high values. 

According to Ohio Edison personnel, this was attributable to fugitive 

emissions from taconite ore loading operations at the adjacent dock area. 

This was confirmed by analysis of selected high-volume filters. 

3.4.3 Geoloaic Conditions 

The soil association in the area of the station is the Chagrin silt loam 

association, which is nearly level , moderately well drained, and has a slight 

erosion potential. The major limitation of the productivity of the soil is 

seasonal flooding. The soil series is underlain by glacial lake deposits of 
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TABLE 3-2. 
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s, :: . ld6 1 ,i ‘1 : ~1c:,,:l-~,c:i,:i 

2nd Maxi mum Z-Hour Moving Average 
Statlo” (PPm) Date : .Tinle 

Longfellow F’arI:: .1;1 1 1 /‘O? : 1 yt:M:,-2i:,<,i; 
wt. Csrmel . 1274 z/14 : I:171:I~:r-~~~9~~~~:~ 
Fleasant Hills . 07s 12127 : 1 I:,,:,+ 1 =,:,,j 
31 :,: . 1 ,:u:i l/11 : ~I:,,:I,:I-~~,:I~:L 

t-la:.: i mum 24-How- Moving Gverage 
Statlo” cpp1n, Date :. Time 

Lo”gfellow Pai-1:~ . <:,7’ 11/O? : I:)70l:r - 1 1 , 10: ,:l&:,r:~ 
Mt. Carmel . ,:,61: 2/l, : 14,:r,:, - z/14: 1;i:u:r 
F’leasant Hills .C157 z/22 : l:r501:I - z/z;: 0400 
s 1 :~; . 1:,&z 2 / 1 ; : 1 1 cm - 2, 14 : 1 ,:lQI:l 

2nd Maxi mum 24-Hour Moving Gveragr 
station (pptn) Date : Time 

Lor,gfellow F’arb; . r:i7i’, _ ll,‘cyis : ,:,E;c:3i:, - 1 1 .,’ 1 i:r : r:,:iv.1 
t:t. Carmel . I:!&2 “‘,‘I:, : 1:i:u:, - =;14: 1i;c:ir:1 
F leasant HI 115 . h:15; -- ,_-% Lf i- : ‘.,*(.“.a - 2,‘=:: 1:,54:4 
Sl : . I:,&,” 2;1: : 1=1:10:1 - 2,) 14: 1 y,:ii:r 

Ma:? 1 mum 24-Hour Cone 2nd Ma:: 24-Hour Cone 
Stat 1 en PPlD tieite ppm Date 

Longfcl lcjw Farin . 046 7il-1 . 124 1 7,’ 8 
Mt. Cat-me1 . 058 z/14 . 05:: Z/l_ 
Firassnt Hills .+55 .z i 4 C:lf): . 2 / 1 5 
‘j 1 ;,: . ,:16: 2,/28 . !:B&:i ,_1 ,. m- -I -- 

iNnt;i”s: ‘:I. ~.~5G ppm (Gnnual 1 : Frooosrd - 0.25,:1 ppm (i-llr 
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TABLE 3-4. 

l-9 3- 6Ithr.l 2’4-HUUR ~WXIIWM PND SECJND MQXIWJM 
SC2 CONCENTkQTIONS (ppm) for 1584 

Ha,-r-1 5crl 5Chi~Ol 
~Lorlgfellow Pat-K 
Rndor‘ka Lanes 
sewage Plant 

stat 10~t 

ha.r-r-zsor~ School 
Lc#ngfellew Park 
62ndnr-ua Larles 
sewage Plant 

stat lcln 

hat-r.%sc*ra 6ctxC~ol 
Lcngfeilow Park 
G+nour-wa Lanes 
sewage Plant 

stat IOn 

nar-r-1 60~1 scr~ool 
Lonafel 1CM Par-K 
Gncor-Ka Lanes 
sewage Plant 

bar-r,rclrn Scn~ol 
Lcw,gfellow Paru 
Flndorua Lanes 
Sewage Plant 

stat 10r1 

harrlson scnoo1 
Lonofeliow Pat-K 
GnaorKa LabYes 
Sewage Plant 

Max 11(1ubl l-hour Cnnc. &-In cl”0 
( p ml ) Date : T~nre (ppm) 

.241 6/?2 : 1600 . OO6 
2’92 5/31 : 09CK~ . 01 1 

.211 l/26 I 04cu .OO7 

.263 7/13 : chxJ0 .Oll 

Mawirnum 3-hour Moving average 
( porn 1 Date : Time 

.203 6/& : 1500-1700 

.203 5/31 : oaoc~- 1C~OO 

.177 b/i2 : 1500- 170ir 

.213 6118 : ~~5~Kj-U70~, 

2nd F~axirnunr 3-hour Moving FIverage 
(ppnl) Date : Time 

. id4 6/22 : 1400-1600 

. 192 4/u3 : 1 COO- 1800 

.172 6/22 : 1600- 1800 

.133 3/22 : U800- 1000 

Maxirnunr E4-Hnur Moving average 
(pPn1) Date : Time 

. 061 L/21 : 13ClCI 6/22 : la00 - 

. Cl80 5130 : 23iPrJ 5131 : 22cMJ - 

.060 3115 : UlOO - 3116 : C~OOO 

. 064 6117 : 2000 6/18 : 19W - 

2no haximum Z4-Hour Moving &!verage 
( porn) Date s Time 

. 061 6/21 : 2’i,i,o t/22 I 1900 - 

. 080 s/31 : oovo 5/31 : 2300 - 

.059 3115 : CI~CIC, - 3116 : 0103 
-064 c/17 : 2160 - 6/18 : 2000 

Maxi mum 24-Hour Cont. 2nd Maw 24-Hour Cont. 
( panl) Date (mm) Date 

. 053 10113 .046 6/22 

. 0.31 5i31 . 067 5/&?7 

.058 3115 .058 10/15 

. ~65 6/18 .065 lO/ 13 

------------______ 
hciGLi2 : 0. SO DD,” (3-h,-) ( 0. 14 pprn (24-hr) ; 0.03 pDo1 (Ar~nLldl) 
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TABLE 3-5. 

1-v 3- RND >4-nOilr7 KC+XI%UV GNL, SZCJkD mG.xImuv 
NGi CGNCEiU TRA i ICN5 ( pars, 1 for 1’3as 

stat lOTI 

Lonqfel low Par-Ii 
Pleasant HlllS 
Sin 
Cr0b.d 

stat 1*>n 

Lungfel lnw PdYk 
Pleasant hi 11s 
SIX 
cr-ow 

stat 1ar! 

Longfel iow Fat-k 
Pleasant Hi 11s 
Six 
Cr-W-4 

stat ion 

Lonqfol iow Par-k 
Pleasant HI115 
SlX 
Cr-ad 

stat Ion 

Lorqfel law Park 
P:easant HlllS 
SlH 
CT-C’W 

Stat ion 

Longfe1 low Par,k 
Pleasant Hills 
51x 
CVOb.4 

Mau~murn l-hour Ccnc. Qnn Gvg 
(parn) Date : Tln,e (ppn,) 

. 126 3/24 : 0401., .C~l6 

. 065 C/OS : 0ZOO . ,:r : 3 

.ir74 6/10 : z&ji, .rjlZ 

.06d a/13 : Ou00 .ill3 

Maw~munr 3-hour Mnvlnq &wage 
(DPrn) Date : Tlnle 

.lll 3/24 : 03cbtj-(j~~c~ 

. tea 6/ljS : 02C30-ctL+oC, 

. CJb6 1112 : 13uo-2 100 
. ir60 4/k6 : 1303- 15tjc, 

2nd twmimum 3-Hour Moving fberaqe 
(pm) Date I Time 

. 103 3/24 : lJ4r:,+lJ600 

.055 6/OS I C~3OO-c150Cl 

. Ob3 6/05 : 0300-0500 

. CJ57 S/21 : 1300-1500 

haximum Z4-Hour Moving Qverage 
(pm-) Date : ‘Time 

.056 5/30 : 2300 - 5131 : &zw 

.040 ‘2/~23 I 05v0 - .2/24 : 0400 

.042 z/r2 : 2300 - 2123 : 2,3:,iJ 

. 02’3 2/23 : 14iro - 2/i4 : 1300 

2nd rna~lnluel ~~-HwI- mwi~,g cwerage 
(porn) Date : Time 

. Cl56 5131 : OCJCIIJ - 

.040 2/23 : 
c,600 _ ;;;; j g;; 

.O42 i’,22 : OljOCl - 2,23 : 23w 

. O2.d 2/23 : 1500 - 2/,‘4 I t400 

maxir0ura2 i4-Hour Cont. .2,-m mar 24-Hour’ Cont. 

(pm) Data (pm) Date 

. OS5 5/31 .1340 6/C11 

.03a 2/23 .O35 11/;-s 

.042 2,23 .033 1112s 
.028 11/2:4 . 027 6/Z 

_-_-___----------- 
hAGi,?S: 0. iI5 pprn (annual 1 ; Prooc*scd O.iJ porn (l-nr) 
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TABLE 3-6. 

l-. 3- AND ZU-HCUR MAXIMUM AND SECOND MAXIMUM 
SO2 CONCENTRATIONS (pvm) for 1985 

station 

Harrison School 
LoniKfellow Park 
Andorka Lanes 
sewage Plant 

station 

Harrison School 
Lonnfellow Park 
Andorka Lance 
sewaee Plant 

station 

Harrieon School 
Longfellow Park 
Anaorka Lanea 
Savaee Plant 

Station 

Harrison School 
Lonefallow Park 
Andorka Lanes 
Serape Plant 

Station 

Harrison School 
Lonefellow Park 
Andorka Lance 
Sawaee Plant 

Station 

Harrison School 
LOngfellOw Park 
Andorka Lanes 
Sewaee Plant 

Maximum l-Hour Cont. Ann A”= 
(PDrn) Date : Time (pm) 

.227 S/23 : 1700 .007 

.18b l/lb : 2200 .007 
.206 l/lb : 2200 .009 
93111 341 : 2200 .012 

Maximum 3-Hour Movlne Average 
(p9i-n) Date : Time 

.160 S/23 : 1700-1900 

.116 l/16 : 2000-2200 

.1119 5/23 : 1700-1900 

.268 l/21 : 1800-2000 

2nd Maximum 3-Hour Moving Average 
(vvm) Date : Time 

.135 s/29 : 1600-1.900 

.llO El/28 : 1700-1900 

.1211 l/16 : 2000-2200 

.257 l/21 : 1700-1900 

Maximum ZU-Hour Movine Average 
(mm) Date : Time 

.036 s/29 : 0300 - 5/30 : 0200 

.060 l/30 : 1900 - 1/31 : la00 
.059 l/30 : 2000 - l/31 : 1900 
. lU0 l/20 : 2100 l/21 : 2000 - 

2nd Maximum 2U-Hour Movine Averaea 
(vvm) Data : Time 

. 036 s/29 : 0500 5/30 : ouoo - 
.060 1/30 : 2000 - l/31 : 1900 
.05a l/30 : 1900 - l/31 : 1800 
.lP7 l/20 : 2200 - l/21 : 2100 

Maximum 21L-Hour Cone. 2nd nrx 2U-Hour Cont. 
(DDrn) Date (Pun) Date 

.035 S/23 .031 lo/30 
.05a l/31 .0&6 2/11 
.055 l/31 .053 2/11 
.1&S l/21 .087 2/l& 

-________________- 

NAAQS : 0.50 PDUI (3-hr): 0.10 PDF (2ll-hr): 0.03 pm (Annual) 
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TABLE 3-7. 

1-s 3- AND 211-HOUR MAXIMUM AND SECOND MAXIMUM 
NO2 CONCENTRATIONS (ppm) for 1985 

station 

Longfellow Park 
Pleasant Hills 
SiX 
CrOW 

stetion 

LonOfellow Park 
Pleasant Hills 
SiX 
CFOW 

station 

Longfellow Park 
Pleaeant Hills 
SiX 
Cl-OW 

stat ion 

tontfellow Park 
e1aaeant Hills 
SiX 
CFOW 

station 

Lonsfellow Park 
PlcaBant Hills 
SlX 
Cl-OW 

station 

Lonefellow Park 
Pleasant Hill6 
SiX 
CPOW 

Uarimum l-Hour Cont. Ann Ave 
(DPrn) Date : Tim.2 (DDrn) 

.075 6/08 : 0000 .016 
-075 2/10 : 2200 .013 
.082 Z/O8 : 0600 .Oll 
.ob7 b/27 : 11100 .012 

U.WZlmum 3-Hour Moving Average 
(Dvm) Dare : Time 

.065 t/20 : 1800-2000 

.060 2/10 : 2000-2200 

.079 2/O& : 0500-0700 
.061 l&/2? : 11100-1600 

2nd Maximum Z.-Hour Uovine Averace 
(DDm) Date : Time 

.0611 5/01 : 0000-0200 

.058 2/11 : 0000-0200 

.078 2/O& : 0600-0800 
.osu b/27 : 1300-1500 

Xaximum 211-Hour Moving Average 
(DDItI) Date : Time 

.OP? Z/O5 I 0500 - Z/O6 : QUO0 

.015 z/10 : 1700 - Z/11 : 1600 

.OU6 2/oil : 01100 - Z/O5 : 0300 

.43u 2/00 : ouoo - 2/05 : 0300 

2nd Uaximum t&-Hour Uovinc Average 
(DDrn) Date : Time 

.047 2/05 : 0600 - 2/06 : 0500 

.OUU 2/10 : 1600 - z/11 : 1500 

.0116 2/011 : 0500 - 2/05 : 01100 

.S3& 2/O& : 0500 - Z/O5 : OUOO 

Maximum 2U-Hour Cone. 2nd U-x ZP-Hour Cont. 
(mm) Date (DDm) Date 

.OUU 2/11 . OUl U/OU 

.037 2/11 -033 12/20 

.045 t/au . oaz 2/11 

.032 2/ou -030 z/o1 

_---_--_---_---_-- 
NAAQS : 0.05 DDm (Annuml); PrODOBd 0.25 DDI” (l-tar) 
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TABLE 3-8. SUMMARY30F 24-HOUR TSP/IP CONCENTRATIONS 
(ugms/m ; 1983 through 1986) 

2nd Geo . Std. 
Site Type Max. Date Max. Date Mean Dev. 

Harrison School 

Longfellow Park 
Andorka Lanes 

Sewage Plant 

Harrison School 

Longfellow Park 
Andorka Lanes 

Sewage Plant 

Harrison School 

Longfellow Park 
Andorka Lanes 

Sewage Plant 

Harrison School 

Longfellow Park 
Andorka Lanes 

Sewage Plant 

PRI 

PC 
PRI 
SEC 

kpR* 

PRI 

KI 
PRI 
SEC 

KI 
PRI 

ii* 
PRI 
SEC 
IP 
PRI 

ii* 
IP 
IP 
PRI 
IP 

146 

1:: 
319 
293 
192 
232 

166 
106 
180 
386 
484 

221 
122 
240 
215 
278 
165 
225 

110 

1:: 
285 
120 
99 

3183 115 6183 53.6 
3/83 88 9/83 37.8 
9/83 150 a/a3 52.0 

10/83 257 a/a3 80.8 
lo/83 247 6/83 76.4 
lo/83 150 8/83 47.7 
lJ/83 147 lo/83 55.6 

4/84 
4/84 
4184 

1 l/84 
11/84 
1 l/84 
6/84 

136 

1:: 
313 
320 
186 
181 

4/84 45.3 
lo/84 32.6 
11/84 47.4 
6/84 64.9 
6/84 69.0 
6/84 40.5 
8/84 52.9 

5/85 90 

:;i: 1;; 
5/05 202 
5/85 211 
5/85 125 
5185 166 

4/85 35.3 
l/85 24.3 
g/85 41.0 
7185 59.1 
5/85 56.3 
5/a5 33.7 
4/85 40.6 

4/86 
4186 
7/86 
7/86 
l/86 
7/06 

80 

;“6 
112 

i: 

7/86 63.2 -_ 
7/86 44.2 -- 
5/86 71.7 __ 
5/86 94.5 -- 
8/86 61.2 __ 
4/86 67.6 -- 

1.5 
1.6 
1.7 
1.9 

tfz 
117 

;:7 

;:i 

:.‘o 
1:9 

1.8 

;:i 

i.: 
2:2 
2.0 

PRI = Primary 
SEC = Secondary 
IP = Inhalable Particulate 
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the Wisconsin age, which consists of laminated silts and clays (5 to 50 feet 

thick) underlain by till. The underlying bedrock is composed of the Olentangy 

and Ohio shales. No faulting was discerned in the vicinity. 

Seismicity is negligible; significant earthquakes in Ohio are infrequent. 

Within a 40 mile radius of the plant, the only recorded earthquakes were II-V 

on the Modified Me~rcalli intensity scale (MMI). Only one earthquake was 

recorded in Lorain County--a IV-VI on the MM1 in 1928. In addition, there was 

a mild earthquake at N.E. Ohio in January, 1986. 

At the Edgewater facility, erosion potential and topographic instability 

do not present problems. The area is reinforced and protected by a steel 

bulkhead. However, the coal storage pile, the ash ponds, the limestone silo 
and new compressor are on the loo-year floodplain approximately six feet above 

the mean lake level. 

3.4.4 Ecolooical Conditions 

The Edgewater site has very little value as habitat for wildlife because 

of its previous and existing use as a coal-fired power station. Two 

environmental impact statements for the projects conducted adjacent to the 

Edgewater facility were reviewed to determine the potential presence of unique 

ecological or sensitive communities in surrounding areas. Following is a 

quote from the Lorain Harbor EIS. 

The Lorain Harbor area was inspected by a biologist of the USF&WS, 
and it was determined that no suitable habitat for endangered species 
exists. However, the project does lie within the range of the Indiana 
bat (Mvotis sodalis) which is a federally endangered species. 
Coordination with ODNR's Natural Heritage Program has revealed that the 
silver lamprey (Jchthvomvzon unicusois), a state endangered species, was 
collected in the Black River approximately 3,000 feet upstream near the 
AmShip drydocks. 

According to USF&WS, a moderately diverse fish community persists in 
Lorain Harbor in spite of rather limited physical habitat and degraded 
water quality. Within the past ten years, 47 species of fish have been 
identified for the Outer Harbor. During the same period of time, 41 
species of fish have been collected within the lower reaches of the Black 
River. Gizzard shad and emerald shiner dominate the catches in both the 
Outer Harbor and the lower river area. Freshwater drum, smelt, white 
bass, spot-tail shiner, trout perch and yellow perch are also common in 
the Outer Harbor. Trout perch are also very common in the lower river 
along with carp, brown bullhead and white sucker. Spawning and nursery 
habitat for fish are almost nonexistent in the lower river area and in 
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the Outer Harbor. The habitat is severely limited because of deep 
navigation channels. 

Lorain Harbor is located on the eastern edge of the Mississippi 
flyway and on the western edge of the Atlantic flyway, thus attracting 
large numbers of ducks, geese and swan, which pass through the area on 
migratory flights between southern wintering grounds and northern 
breeding grounds. The Outer Harbor provides good feeding habitat for 
many species of diving ducks including mergansers and scaup. The only 
abundant dabbling duck is the mallard. Herring gulls, ring-billed gulls 
and Bonaparte gulls are also attracted to the Outer Harbor. No 
significant amounts of waterfowl breeding occur in either the Outer 
Harbor or the lower reaches of the Black River. 

Figure 3-6 shows the relative location of the Lorain Harbor to the 

Edgewater Station. The ecological conditions surrounding the proposed 

off-site disposal facility cannot be discussed until the disposal site has 

been selected. 

3.4.5 Socioeconomic Conditions 

The population of Lorain County in 1980 was 274,909 up from 256,843 in 

1970. The population of the city of Lorain in 1980 was 75,416 down from 

78,185 in 1970. The average unemployment rate in 1981 for Lorain County was 

13.3 percent. Lorain County unemployment in 1984 exceeded 20 percent. 

Manufacturing plays a major role in Lorain's~economy. In 1978 40,997 people, 

or 38.6 percent of the labor force were employed by 55 diversified 

manufacturing industries in the area. The principal industries in the Lorain 

area include steel, shipbuilding and automobiles. 

Lorain County, Ohio, is characterized by high unemployment due to 

depressed economic conditions which have severely impacted American 

Shipbuilding and U. S. Steel, major employers in the areas. A protracted 

decline in the construction industry, particularly related to shipbuilding and 

steel production, has resulted in an overabundance of unemployed skilled craft 

workers. 

3.4.6 Aesthetic Conditions 

The area in the vicinity of the proposed demonstration plant is heavily 

industrialized. Examples of adjacent operations include a USX steel making 

plant which is currently shut down. As such, there are no especially scenic 

vistas in this general area. 
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There should not be any impacts to sites either listed in or eligible far 

the National Register of Historic Places, since the LIMB and Coolside 

demonstrations will be built on an already disturbed site. There are a number 

of individual properties in Lorain which are listed in the National Register 

of Historic Places. Only the Lorain Lighthouse, located on the west 

breakwater, is within the study area. There are no historic properties or 

archeological sites that have been identified on the proposed site of the LIME 

Extension Demonstration Project. 

No information can be provided on the proposed ash disposal site since 

the site has not yet been selected. 

3.4.7 Tribal or Reliaious Practices 

Babcock and Wilcox is not aware of any unique ethnic, tribal or religious 

practices that are indigenous to the site vicinity which could be affected by 

the demonstration project. 

3.4.8 Identification of Anv Other Planned Major Enerav or Chemical Comolexes 

Babcock and Wilcox is presently unaware of any plans for the construction 

of additional major energy and chemical complexes in the vicinity of the 

proposed project. As previously discussed, the area is heavily industrialized 

and areas to the south of the facility are residential. There is little, if 

any, vacant land available for construction of major energy or chemical 

complexes. 
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4.0 PROJECT DESCRIPTION 

4.1 INTRODUCTION 

This project, entitled the LIMB Oemonstration Project Extension, 

is an extension to an existing project with the U. S. EPA, currently being 

constructed at the Edgewater station of Ohio Edison. 

The purpose of the original EPA project was to identify LIMB as a viable 

retrofit technology for reducing both sulfur dioxide and nitrous oxide 

emissions from utility power generation plants. In addition, an extension 

technology termed Coolside is to be demonstrated as a viable method for 

reducing sulfur dioxide by injecting sorbent into the flue gas ductwork after 

the boiler. LIMB and Coolside as retrofit technologies would be more 

economical than the major alternative, wet flue gas scrubbers. Successful 

application of the technology to an existing boiler is expected to demonstrate 

that 1) significant reduction of SO, and NO, emissions can be achieved at a 

fraction of the cost of add-on wet flue gas desulfurization systems; 2) boiler 

reliability, operability and steam production can be maintained at levels 

existing prior to retrofit of the LIMB system; and 3) technical difficulties 

attributable to LIMB operations such as additional slagging and fouling, 

changes in the ash disposal requirements and an increased particulate load can 

be resolved in a cost-effective manner. Additional utility requirements over 

the EPA LIMB project are negligible since humidification will be operational 

under the original EPA project. 

The following sections present a brief description of the technology, 

discuss resource requirements and describe the project in relation to the 

overall plant setting. 

4.1.1 The LIMB Process 

The LIMB process is being designed in detail for Ohio Edison's Edgewater 

Unit No. 4, 8oiler No. 13, for the LIMB demonstration which Babcock and Wilcox 

is conducting for the U. S. EPA under Contract No. 68-02-4000 (see Table 4-1 

for pertinent data on the unit). This design is directly applicable to 
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TABLE 4-l. HOST SITE BOILER 

:: 
3. 

Z: 
6. 
7. 
8. 
9. 

K: 
1.2 . 

i:: 
15. 
16. 

ii: 
19. 
20. 

21. 

22. 

23. 

24. 

UTILITY: Ohio Edison Company 
UNIT ID: Edgewater No. 4 

Oberlin Avenue, Lorain, Lorain County, Ohio 44052 LOCATION: 200 
NAME PLATE RATE: 105 MWe 
TYPE: Steam Turbine 
PF 
Al 
STATUS: Existing 
OPERATION DATE: June 1, 1957 
BOILER ID: No. 13 (B&W RB-231) 

!IMARY FUEL: Eastern Bituminous Coal 
.TERNATE FUEL: None 

BOILER GENERAL CONDITION: Excellent 
BOILER MANUFACTURER: Babcock & Wilcox 
BOILER TYPE: Radiant, Wall-Fired, Carolina Design 
STEAM FLOW: 690,000 lb/hr 
SH OUTLET PRESSURE: 1480 psig 
STEAM TEMPERATURES: lOOOF SH/lOOOF RH 
DESIGN PRESSURE: 1650 psig 
DEMONSTRATION FUEL: Ohio Bituminous, 1.5X, 3% and 3.8% sulfur 
BURNERS: Original circular have been replaced with low-NO, burners 
PARTICULATE CONTROL: Lodge-Cottrell ESP, 3 years old, 

conservatively designed. 
SORBENT STORAGE & HANDLING SPACE: 150' x 120' - 18,000 ft2 

available 
BOILER AVAILABILITY: 90% (currently) using 1.5 Sulfur Coal; 

available for the LIMB demonstration as 
on the dispatch schedule. 

PAST EMISSION MONITORING: Opacity - Certified 
SO2 and CO2 - Certifiable 

BOILER DESIGN: 
Furnace Volume - 52,300 ft3 
Heat Release Rate - 11,000 Btu/lb x 84,900 lb/hr - 9.34 x lo8 Btu/hr 
Gas Temperatures - Lvg. Eton. 605'F; Lvg Air Heater 275'F 
Installed Instrumentation 
Convective Pass Design - Pendant SSH & RH; Horizontal PSH & Eton.; 

Tubular Air Heater 
Slagging/Fouling History - No major problems 
Sootblowing Capacity - (2) Joys @ 1150 CFH, 300 psig each; 

total 2300 CFM 
CoalMill Capacity - (4) Mills 13-14 tons/hr each 
Load Dispatch Priority - May 1984: 23 using 1.5% Sulfur Coal 
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utility boilers being considered for SOx/NOx abatement retrofit technology. 

The same process and equipment will be used in the DOE LIMB Demonstration 

Project Extension. 

The LIMB injection system consists of three subsystems to provide sorbent 

injection into the boiler. These are 1) the sorbent handling and preparation 

system, 2) the feed system, and 3) the distribution system. (See Figure 4-l.) 

The sorbent storage and handling system is responsible for supplying and 

preparing sorbent for the process. The sorbent will be delivered by bulk 

transport truck. It is dry and pulverized material suitable for pneumatic 

conveying. The sorbent is stored in a bin or silo from which it can be fed to 

the sorbent delivery system and pneumatically injected into the boiler. The 

objective of the sorbent feed system is to provide a controlled feed rate of 

,sorbent to the injection elevations in the boiler. This system is duplicated 

for each injection elevation. Material is conveyed in dense phase from the 

feed silo bottom to a vertical pickup station fromwhich it is conveyed in 

dilute phase to a distributor bottle. Each bottle distributes the solids and 

air mixture into the injection lines. Air used in transport of the sorbent 

would be supplied by a compressor and dried with an air dryer. At the boiler 

the distribution system will be provided to give the desired penetration and 

dispersion of sorbent into the boiler. A booster air fan will be needed to 

provide the air necessary for the desired penetration and dispersion. 

Additional soot blowers will be required to deal with the effects of 

higher solids concentration in the furnace gases as a result of sorbent 

injection. 

If the increased solids loading in the flue gas entering the 

electrostatic precipitator causes degradation of performance, performance can 

be improved by pretreatment of the flue gas prior to entering the ESP. This 

pretreatment will consist of humidification and cooling which will increase 

residence time in that unit and improve electrical conductivity in the gas 

solids mixture. This will improve the particles' susceptibility to 

collection. The primary goals of humidification are improved SO2 removal and 

increased precipitator efficiency. 
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To meet the NO, emissions reduction goal of LIMB, low-NOx pulverized coal 

burners are required as retrofit. Babcock and Wilcox-developed dual register 

and XCL low-NOx burners are generally compatible with utility boilers and 

should be easily retrofitted to the operating unit. For LIMB, the XCL low-NO, 

burners have been installed at the Edgewater station. Under the LIMB 

Extension Demonstration, the range of applicability of the LIMB process will 

be demonstrated on a range of coal sulfur contents. No hardware changes will 

be made; however, sorbent ratios will be adjusted. 

4.1.2 The Conoco Coolside Process 

The Coolside process involves hydrated lime injection, flue gas 

humidification and additive injection into the ductwork downstream of' the air 

preheater. (See Figure 4-2.) The Coolside process will use the same sorbent 

storage silo as the LIMB process. The sorbent is pneumatically conveyed and 

injected into the flue gas duct downstream of the boiler air preheater. 

A water-soluble additive can be injected into the humidifier in solution 

with the humidification water to enhance the process SO2 removal. The ~-i 

additive being considered for the demonstration will be sodium hydroxide, the 

same additive used in Conoco’s 1 MU field test. Work will be carried out to 

select the additive and to characterize the properties of simulated Edgewater 

Coolside waste to be disposed of. The spent sorbent is removed along with 

coal fly ash as a dry solid waste in the ESP. A portion of the ESP solids can 

be recycled to reduce the fresh lime requirement if the particulate collection 

system can handle the solids loading resulting from recycle. In this 

demonstration, both once-through and sorbent recycle will be evaluated. The 

ESP at the host site is large enough to demonstrate sorbent recycle. 

Commercial hydrated lime will be delivered to the test site instead of on-site 

hydration of calcined lime. 

The Coolside process demonstration will use full-scale commercial 

equipment for all the process components. These components include the 

hydrated lime feed system, the flue gas humidification system, additive 

injection system and the existing ESP. In addition, a sorbent recycle system 

will be installed to allow a portion of the ESP waste solids to be reinjected 

along with the fresh lime into the Coolside duct. 
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4.2 PROJECT RESOURCE REQUIREMENTS 

Since Edgewater is the host site for the EPA LIMB demonstration, most of 

the process equipment which is required for the DOE Coolside demonstration is 

already in place. The EPA LIMB and humidification demonstrations will have 

installed 90 percent of the equipment needed for Coolside, minimizing the 

capital and labor costs of Coolside. Since the required utilities are in 

place and arrangements will have been made for solid waste disposal for the 

LIMB, these costs will be minimal at the Ohio Edison site. 

In addition to project costs, the time for manpower training will be 

minimal since the majority of the operators will have worked on the 

EPA-sponsored projects. The manpower experience factor should lead to a safe 

operation. 

4.3 RAW MATERIALS AND UTILITY REQUIREMENTS 

The raw material and utility requirements for the LIMB and Coolside are 

summarized in Table 4-2. Raw materials required for the LIMB extension are 

various coals and sorbents. Three different coal sulfur levels will be tested 

in the extension program, 1.5 percent, 3 percent, and 3.8 percent sulfur. 

Approximately 60,000 tons of each coal will be required to perform the desired 

test program. Each coal will be purchased through Ohio Edison, the host 

utility, delivered to, stockpiled on and managed at the existing coal storage 

property. 

Demonstration of the Coolside technology which is scheduled to occur 

prior to the DOE LIMB testing will utilize the 3.0 percent sulfur coal and 

hydrated calcitic lime as raw materials. Approximately 60,000 tons of coal 

and a maximum of 6,000 tons of sorbent will be necessary for the testing 

program. One raw material require~d for the Coolside demonstration will be 

50 percent sodium hydroxide solution, which is the additive which helps 

promote SO2 removal. This solution will be delivered by tanker truck (24,500 

gallons per week, maximum) and stored in the plant's existing caustic tank at 

the facility. Quantities of sulfuric acid will also be purchased to be used 

to maintain effluent pH in the regulated range. The exact quantities of 

sulfuric acid that will be purchased are not known at this time. 
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TABLE 4-2. RAW MATERIALS AND UTILITY REQUIREMENTS 

Material/ 
Utility 

Station 
Requirements 

w/o Project 
LIMB/ 

LIMB Extension 

Coolside 
includes 

humidification 

Coal 160,000 TPY 

Sorbent 0 TPY 

Acid for pH Control 0 

Additive NaOH for 
Conditioning 

Water 
- Cooling 110 MGD 
- Process 1.14 MGD 

Operating Labor 

Construction Labor 0 

Power 

180,000 TPY 60,000 Tons 

9,000 T calcitic limestone 6,000 Tms 
16,000 T dolomitic limestone 
8,000 T dolomitic hydrated lime 
2,500 T promoted lime 

Unknown 

0 

Unknown 

1,200 Tons 
of 50% solution 

.03 MGD 

.14 MGD 
.36 MGD 
.12 MGD 

0 additional 0 additional 

<-------------30-50 people------------> 

440 hp 1,340 hp 
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The EPA LIMB project utilizes calcitic hydrated lime as the sorbent. A 

total of four additional sorbents will be tried in the DOE project. These 

will be chosen from a list of sorbents, including calcitic limestone, 

dolomitic limestone, dolomitic hydrated lime and a promoted lime which is yet 

to be identified. For the purposes of the proposed DOE LIMB project the 

following approximate requirements for each possible sorbent are anticipated: 

calcitic limestone, 9,000 tons; dolomitic limestone, 16,000 tons; dolomitic 

hydrated lime, 8,000 tons; and promoted lime, 2,500 tons. 

The quantities of each sorbent required will be delivered to the plant by 

self-unloading bulk transport trucks which will fill the sorbent storage and 

handling systems. For the DOE LIMB project, lo-12 truckloads of additive will 

be delivered to the station every weekday, during the day shift. The Coolside 

demonstration will require eight trucks of sorbent a day. Additional coal 

trucks will be required on a short term basis to increase the inventory, but 

impacts will be minimal. 

The added utility requirements for the DOE LIMB Demonstration Project 

Extension are primarily electrical in nature. However, the additional 

operating requirements have not yet been estimated. Additional electrical 

equipment over and above normal plant needs without LIMB includes the sorbent 

feed pump compressor, the conveying air compressor, booster air blowers and 

various other pumps and fans. In addition, several air heaters will be needed 

to preheat ash transport air. It is estimated that an additional 440 

installed horsepower is required for the LIMB system. Coolside, with the 

sorbent recycle, will require 1,340 additional installed horsepower to drive 

the humidification atomization air compressor, humidification water and raw 

water pumps. Another recycle transport blower and booster air blower may also 

be needed. Some additional steam will be needed for the extra boiler soot 

blowers that will be installed to prevent tube fouling. This demand of steam 

will be intermittent and will be small compared with the amount of steam 

available at the power plant. In addition, a significant amount of steam will 

be required for flue gas reheating to prevent localized condensation from flue 

gas at low approach to saturation conditions. 
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The land requirements to construct the project are also small since it is 

a retrofit project. No additional land will be purchased by Ohio Edison. All 

equipment will be located within existing fence lines. Additional space 

requirements for the LIMB project at the host site include space for a new 

unpaved roadway around the new sorbent storage silo. The roadway will be 

approximately 200 feet long and 30 feet wide. The Coolside work will require 

a compressor and recycle sorbent storage silo pad. 

The land requirements for waste disposal are potentially significant. 

The LIMB portion of the project will generate up to 12.5 tph of waste 

including slaking water and the Coolside portion of the project up to 11.6 

tph. Of this waste, 72-76 percent is a result of the spent sorbent and 26-28 

percent is flyash which would be generated without the project. The EPA LIMB 

work is projected to last 12 months, DOE LIMB work, 14 months and the DOE 

Coolside activities 4 months. Using a 43 percent capacity utilization factor 

and assuming 2,200 tons will occupy 1 acre-foot, the DOE LIMB work will 

generate 22 acre-feet of wastes including flyash and the DOE Coolside portion 

of the project will generate 10 acre-feet including flyash. Assuming a 

IO-foot fill depth, approximately 3 acres of land will be needed over the life 

of the DOE LIMB Oemonstration Project Extension. A large portion of this 

waste would otherwise exhaust from the boiler stack as fly ash, SO, and NOx. 

A landfill for the project solid waste has not been selected at this time. 

Peak project labor requirements for the construction of the DOE LIMB 

Demonstration Project Extension should place no undue stress on the existing 

area labor resources since the area is characterized by high unemployment 

among skilled craftsmen due to depressed economic conditions. The labor 

requirements during operation will be much less. No additional permanent 

power plant staff are anticipated for operating either the LIMB or Coolside 

Systems. However, additional B&W, Conoco and Radian personnel will be on-site 

only for the duration of the project, 

For the proposed technology, manufacturing of equipment is easily 

performed due to the large overcapacity within the industry. In addition, 

there are no unusual fabrication requirements that would preclude the use of 

existing manufacturing facilities. The nature of the individual components 
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make LIMB and Coolside technologies very compatible with existing power plant 

and environmental manufacturing methods. The water requirements of the 

project are discussed in later sections. 

4.4 PROJECT SITE PLAN 

4.4.1 Descriotion of Phvsical Aooearance 

The LIMB Demonstration Project Extension is to be conducted on the 

Edgewater Unit No. 4. The demonstration will include provisions for 

additional equipment adjacent to Unit No. 4 boiler and its associated control 

equipment. This boiler is located on the northeast corner of the plant. A 

specific plot plan of the area affected by the project is given in Figure 4-3. 

The majority of the modifications will be made to existing equipment and will 

consist of very little new construction. The humidification portion of the 

Coolside project will require an additional compressor located inside the 

boiler house, provisions for ash recycle and provision of a bypass duct. 

There will be very little change in the physical appearance of the 

facility with the exception of the new sorbent silo and modified or additional 

inlet ductwork to the ESP. These modifications will probably not be 

noticeable from the outside of the plant since the changes are made on the 

north and lakeside of the facility behind the boiler house. 

4.4.2 Fuel Storaqe Area 

Coal for the EPA LIMB project and the DOE LIMB Demonstration Project 

Extension will be stored in the existing coal storage area which is approved 

by the Ohio EPA. This area is shown in the plot plan, figure 4-4. Normally 

the facility stores a 45-day supply of coal or approximately 35,000 tons. 

During the LIMB and Coolside demonstration, up to 55,000 tons of coal will be 

stored on-site. The demonstration coal, which will be a higher sulfur coal 

than normally used, will be segregated from the regular coal, but stored on 

the same pad. Coal is delivered by truck, piled and compacted by bulldozer. 

Coal normally is delivered during the day shift. Normally 45-50 coal trucks 

come to the site in the eight-hour period. A small increase in the rate of 

truck unloading may be required to build inventory. 
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The existing coal storage pile is located on the northeastern side of the 

site and extends from the lake to the coal conveyor system. The main coal 

pile is approximately rectangular in shape with a width of 200 feet and length 

of approximately 350 feet. The pile is located on a pad of natural soil. The 

whole coal pile area is approximately 6 feet above the lake level and will be 

located in the flood plain according to our interpretation of the flood 

insurance rate map of the city of Lorain, Ohio, produced by the U. S. 

Department of Housing and Urban Development. Portions of the flood insurance 

map for the county are shown in Figure 4-5. Our interpretation of the figure 

and the limits of the flood zone A2 are shown in Figure 4-6. According to 

these figures, the northern 500 feet of the facility (everything north of the 

construction warehouse) is zone A2. Thus, the coal storage pile, the ash 

ponds and the limestone silo and new compressor are on the 100-year flood 

plain. The remainder of the site, south and west, is flood zone C, an area of 

minimal flooding. 

4.4.3 Sorbent Storaae Area 

Sorbent for the LIMB Demonstration Project Extension will be delivered by 

bulk tanker truck and pneumatically conveyed to a new sorbent storage silo 

located immediately north of the existing silo behind the ESP No. 4. 

4.5 OFF-SITE FACILITY REQUIREMENTS 

The only additional off-site facility required for the project is a solid 

waste disposal area which is discussed further in Section 4.6. 

No additional roadways are needed at the site for truck access, since all 

coal and ash is currently hauled by truck. Water will be supplied from Lake 

Erie or the plant's existing system. Any additional piping will be located 

on-site. No off-site transmission lines will be needed to supply power to the 

project. 

4.6 IN-PLANT AND OVER-THE-FENCE DISCHARGES 

The LIMB Demonstration Project Extension will produce gaseous, liquid and 

solid effluents during the operation. These are described in the applicable 
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subsections below. Most of the discharges will occur during operation and 

very little impacts will occur during construction and disposition. 

4.6.1 Air Emissions 

Construction and operation of the LIMB Demonstration Project Extension 

will result in air emissions. These include fugitive dusts and vehicular 

emissions during construction, and vehicular emissions, power plant emissions 

and fugitive emissions during operations. The major air emissions will occur 

from the unit during demonstration. These are discussed in detail below. 

Table 4-3 itemizes the expected Edgewater plant emissions and waste 

streams for the extended LIMB demonstration, with various coals of different 

sulfur content and each of four sorbents. The sorbents considered are 

hydrated calcitic lime, hydrated dolomitic lime, calcitic limestone and 

dolomitic limestone. Table 4-4 presents the same data for the Coolside 

process with one coal and one sorbent. Streams presented show SO,, NOx and 

particulate emission levels. 

4.6.1.I SO, Emissions. Currently the host site is discharging SO2 at 

the rate of 2.44 lbs of SO2 per million Btu. The LIMB technology proposes to 

reduce SO2 emissions by up to 50 percent. In the parametric study where three 

coals of different sulfur contents and various sorbents are utilized, failure 

to maintain levels below the maximum SO2 emissions standard of 3.4 lbs per 

million Btu will result in either of three control options: 

1. The ratio of sorbent-to-sulfur in the coal will be increased in an 
attempt to capture more sulfur emissions. In general, the process 
will then be fine-tuned to ensure maximum SO capture. If this 
proves unsuccessful in reducing SO2 emission to the desired levels, $ 
then; 

2. Terminate the test on the particular coal-sorbent combination. The 
objectives of the test will have been met by virtue of finding that 
a particular coal-sorbent combination does not perform 
satisfactorily; or 

3. Obtain a "hold harmless" clause to the air permit. 

The Coolside technology is to be demonstrated on 3 percent sulfur content 

coal. A one MU demonstration of the Coolside process in 1984 showed that 

. 
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TABLE 4-3. EXPECTED PLANT EMISSIONS AND WASTE STREAM 

TOTAL NITROGEN OXIDE EtlISSIONS(SO% REDUCTION ASSUHED)I 

-Lbm/Hr at Full Load SO9 

-Tons/Yr(l) 960 

-Lbs/Mbtu 0.48 

SORBENTI HYDRATED CALCITIC LrnE (BASE Lxtm mmwmvaTIoN~ 

Coal Sul fur Level 8 l.S% 3.0% 3.8% 

Total Sulfur Dioxide Emissions(SO% Reduction Assumed) t 

-Lb&l+ at Full Load 1237 2474 

-Tons/Yr(l) 2330 4460 

-Lbm/Hbtu 1.17 2.35 

Total Particulate Emissions: 

-Lbs/Hr at Full Load 65’ 97 

-Tons/Yr(l) 122 105 

-Lbs/Plbtu 0.06 0.09 

Total Sol id Wamtm(2) : 

-Lbs/Hr at Full Load 14507 22602 

-Too&‘Yr (1) 27473 42S68 

-Lbm/Mbtu 13.7 21.3 

3134 

5902 

2.95 

114 

215 

0.11 

26870 

SO622 

2s. 3 

NOTES1 (1) Assumed availability/capacity factor of 0.43 
(2) Ash content of coal=lOX~ Ca/S stoichiomotric ratio-2111 

Noutralittion by hydration 
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TABLE 4-3. EXPECTED PLANT EMISSIONS AN0 WASTE STREAM 
(Continued) 

SORBENT: HDRATED DOLOHITIC LIHE 

Carl Sulfur Lev.1 I 1.x 3.0% 3.8% 

Total Sulfur Diowidm Emisslons(SO% Reduction 

-Lbs/Hr at Full Load 1237 

-Tons/Yr (1) 2330 

-Lbs/?‘lbtu 1.17 

Total Particulate Emiwionm: 

-Lbs/Hr at Full Load e1 

-Tons/Yr(l) 153 

-Lbs/Mbtu 0.08 

Total Solid Wasto 8 

-Lbs/Hr at Full Load 18066 

-Tons/Yr (2) 34025 

-Lbs/Hbtu 17.0 

Assumed) I 

2474 

4660 

2.33 

129 155 

243 292 

0.12 0.15 

29651 35692 

55675 67222 

27.9 33.6 

3134 

5902 

2.95 

NOTES8 (1) Assumed l v~il~bility/c~p~city factor of 0.43 
(2) Ash content of coal-10X( C&S stoichiomotric ratio=2tll 

Nmutralization by hydration 
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TABLE 4-3. EXPECTED PLANT EMISSIONS AND WASTE STREAM 
(Continued) 

SORBENT: CALCITIC LItlESTONE 

Coal Sulfur Lovmlr 1.5% 3.0x 3.8% 

Total Sulfur Diowidm Emissions(SOX Reduction Assumed): 

-Lbs/Hr at Full Load 1237 2474 

-Tons/Yr(l) 2330 4660 

-Lbs/tlbtu 1.17 2.33 

Total Particulate Emissions, 

-Lbs/Hr at Full Load 71 109 

-Tons/Yr (1) 134 20s 

-Lbs/Ubtu 0.07 0.10 

Total Sol id Waste(2) 8 

-Lbs/Hr at Full Load 16089 25607 

-Tons/Yr (2) 30302 48228 

-Lbs/tlbtu 15.2 24.1 

3134 

s902 

2.95 

129 

243 

0.12 

30683 

57700 

20.9 

NOTES:(l) Assumed l v~il~bility/c~p~city factor of 0.43 
(2) Ash content of coal-10%) b/S l toichiomotric ratio-211; 

Nwatraliration by hydration 
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TABLE 4-3. EXPECTED PLANT EMISSIONS AND WASTE STREAM 
(Concluded) 

SORHENTl DOLOMITIC LIMESTONE 

Carl St.11 fur Lmvol I 1.5% 3.0% 3.8% 

Total Sulfur Dioxide Emismions(SO% Reduction Assummdlr 

-Lbm/Hr at Full Load 1237 2474 

-Tons/Yr(l) 2330 4660 

-Lbs/Hbtu 1.17 2.33 

Total Particulate Emissions: 

-Lbs/Hr at Full Lord 89 145 

-Tons/Yr (1) 168 273 

-Lbs/tlbtu 0.08 0.14 

Total Solid Waste(2) a 

-Lbs/Hr at Full Load 25174 33350 

-Tonr/Yr (2) 47413 62011 

-Lbs/Mbtu 23.7 31.4 

3134 

5902 

2.95 

175 

329 

0.16 

40492 

76263 

30.2 

NOTESa Assumed availability/capacity factor of 0.43 
(2) Ash content of coal-10X( CA/S stoichiomotric ratio=Z:la 

Nwtrrlixation by hydration 
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TABLE 4-4. EXPECTED PLANT EMISSIONS, COOLSIDE DEMONSTRATION 

Sorbent Hydrated Calcitic Limestone 
Coal Sulfur Level 3% 

Totai sulfur dioxide emissions (75% SO2 reduction assumed) 

Once Throuqh 

lbs/hr at full load 1,237 
tons/yr (1) 2,330 
lbs/MBtu 1.17 

Total particulate emissions 

Recycle 

1,237 
2,330 

1.17 

lbs/hr at full load 
tons/yr (1) 
lbs/MBtu 

Total solid waste (2) 

62 
1;; 117 

.06 .057 

lbs/hr at full load 21,047 18,556 
tons/yr 39,639 34,948 
lbs/M8tu 37.2 32.8 

Notes: (1) Assumed availability/capacity factor of 0.43 
(2) Once through design Ca/S = 2.0 

3% sulfur coal NaOH/CaOH = O.l(w/w) 
recycle design Ca/S = 1.g 
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75 percent SO2 reduction can be expected at Edgewater. Based on these data, a 

maximum SO2 emissions rate of 3.2 lbs of SO2 per million Btu at a test 

condition which causes a 30 percent SO2 reduction is projected for the host 

site during the Coolside optimization phase. During the Coolside 

demonstration phase, a 1.2 lbs of SO2 per million Btu is projected. Taking 

into account that the test fuel will contain twice as much sulfur as the 

current fuel, this will lead to a net SO2 reduction of 52 percent from current 

operating levels of Unit No. 4 during the Coolside demonstration. 

4.6.1.2 NO Emissions. A NOx reduction will be realized by exchanging 

low-NO, B&W XCL burners for the B&W circular burners currently in service at 

Edgewater. The predicted emission for the demonstration is 0.48 lbs of NO, 

per million Btu based on recent tests conducted in EPA's large water tube 

simulator. Under normal conditions this would represent about a 50 percent 

reduction from what would be expected from a circular burner in a furnace 

built in the 1950's. Baseline testing of Edgewater unit No. 4 was conducted 

in May 1986 to characterize the unit prior to any LIMB modifications. Nine 

baseline NO, tests were made and are summarized in Table 4-5. Average NO, 

emissions ranged from 0.66 lb/MMBtu at a boiler load of 64 MW to 0.85 lb/MMBtu 

at a load of 101 MW. Based on these tests NO, emissions reductions will range 

from 27 to 44 percent depending on boiler load. 

4.6.1.3 Particulate Emissions. The predicted particulate emissions 

during the LIMB demonstration range from 0.06 lb/MMBtu to 0.16 lbs/MMBtu 

depending on the coal type and sorbent combination used. These predictions 

are based on an assumed particulate removal efficiency for the ESP of 

approximately 99.6 percent. Based on the permit requirements, particulate 

emissions must be maintained at or below 0.1 lbs per million Btu. The initial 

testing will include utilizing the ESP with a minimum number of fields 

energized. Information on the minimum fields required to keep particulate 

emissions below the limit is necessary to approximate a less conservative 

precipitator design characteristic of an average unit. Should the particulate 

level exceed the limit, more fields in the precipitator can be energized until 

the particulate emission limit is met. 

The existing Lodge-Cottrell ESP was installed at Ohio Edison's Unit No. 4 

in 1982 as a retrofit dust collector. It was designed to treat 412,627 acfm 
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TABLE 4-5. SUMMARY OF BASELINE CONTINUOUS MONITORING RESULTS 
FOR NO, AND SO2 CORRECTED TO 3% OXYGEN 

Boiler 
Load 
(Mu) 

Baseline 
Test No. 

Corrected Stack 
Concentration too 1 

Stack EgHssion 
(lb/IO Btu) 

NoX N”X so2 

101 BL-01 586 2331 0.80 4.41 

BL-04 690 2552 0.94 4.83 

BL-06 J5oJ 2616 0.82 4.95 

Average 625 2500 0.85 4.73 

82 

64 

BL-03 567 2679 0.77 5.07 

EL-08 600 2734 0.82 5.17 

EL-09 @Q 2616 0.82 4.95 

Average 589 2676 0.80 5.06 

BL-02 464 

BL-05 531 

BL-07 a2 

Average 489 

2574 0.63 

2602 0.72 

&QQ 0.64 

2555 0.66 

4.87 

4.92 

4.71 

4.83 
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of gas at 290°F and -13" wg at the ESP inlet. If the particulate loading at 

the inlet to the ESP is no greater than 21,602 lb/hr and the particulate 

resistivity is less than lOI ohm-cm, the particulate emissions should be less 

than 0.1 lb/MMBtu according to Lodge-Cottrell. 

The ESP has 316,800 square feet of collecting surface area resulting in a 

specific collection area (SCA) of 767. With this SCA and the projected 

resistivity of 1012 ohm per centimeter, this ESP should have little trouble in 

achieving the required efficiency while the boiler is operating in the LIMB 

mode. If for any reason it is determined that the ESP will not perform 

adequately in this operational mode, flue gas conditioning such as 

humidifi~cation could be utilized to reduce the fly ash resistivity and bring 

the equipment into compliance with the emission requirements. 

During the baseline testing, prior to installation of LIMB, particulate 

emissions and ESP efficiency measurements were made. Result5 of the EPA 

Method 5 testing at the ESP inlet and outlet are summarized in Table 4-6. As 

shown in Table 4-6, ESP inlet particulate loadings were similar for all three 

boiler loads, ranging from 3.55 to 3.71 grains/dscf. Average ESP outlet 

particulate loadings were also similar at 64 MW and 82 MW and approximately 

twice as high at 101 MW. 

Particulate mass emission rates (lb/hr) at both the boiler outlet (ESP 

inlet) and the ESP outlet increased with increasing boiler load. Particulate 

mass rates at the boiler outlet ranged from 4,930 to 7,690 lb/hr and mass 

rates at the ESP outlet ranged from 35.4 to 108 lb/hr at boiler loads of 64 

and 101 MW, respectively. 

ESP removal efficiency was slightly lower for the high load tests 

(98.6 percent) compared with the two lower load tests (99.4 and 99.3 percent). 

The lower ESP efficiency and higher ESP inlet particulate loading at the high 

load test condition result in a correspondingly higher ESP outlet particulate 

emission on a heat input basis. Outlet particulate emissions averaged 

0.093 lb/lo6 Btu at the high load compared with 0.045 and 0.046 lb/lo6 Btu at 

the two lower loads. 

These results show that the ESP may not be operating as efficiently at 

high loads as assumed for the particulate emissions calculations and is 

4-25 



4-26 



guaranteed by the vendor. However, this may be due to measurement of 

condensables in addition to particulate. Some method of measurements may be 

made to verify this. 

4.6.1.4 Fuaitive Emissions. The LIMB Demonstration Project Extension 

could potentially increase fugitive particulate emissions from the facility. 

Potential fugitive dust sources include sorbent unloading, the ash loading, 

the coal pile and the plant roads. The haul roads at the disposal site could 

also be a potential fugitive dust source. All of these sources will be 

controlled as required by the existing fugitive emissions permits. 

The sorbent unloading operation will be pneumatic and will include a 

fabric filter on the silo to control emissions during unloading. All 

ash/spent sorbent generated during the demonstration will be stored in the 

existing ash silo prior to disposal. The dry material will be routed through 

a pug mill where the water will be added before the material drops into the 

dump truck for trucking to the disposal site. Wetting of the material will 

reduce the potential for fugitive dust emissions. After wetting, or mixing 

with water, the LIMB ash will get warm due to the hydration reactions and 

noticeable amounts of steam will be generated a short time after placing the 

material in the truck. It will be necessary to allow the truck to cool for a 

period before leaving the site. A tarped, 15 cubic yard dump truck with a 

disposable plastic liner or 20 to 25 cubic yard pushout truck with hydraulic 

ram will be used to remove the material and haul it to an Ohio EPA approved 

and licensed disposal site. 

Several techniques are used to reduce the potential fugitive dust 

emissions from plant haul roads and parking areas. Fugitive dust emissions 

from paved surfaces are controlled by sweeping and water flushing on an 

as-needed basis. Unpaved surfaces are chemically treated with a dust 

suppressant once every three weeks or on an as-needed basis. In addition, 

haul trucks leaving the site are required to pass through a truck wash to 

reduce entrainment of material. All trucks leaving the site are covered. 

Fugitive dusts from the coal pile are controlled by compacting the material 

with a bulldozer. According to plant personnel, water sprays are not needed. 

All coal carrying conveyors and transfer points are enclosed and Ohio Edison 
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Company has a program to routinely inspect and repair all conveyor transfer 

points when necessary. 

4.6.1.5 Vehicular Emissions. Construction material, coal, sorbent and 

ash will be transported to or from the site by truck. Air quality impacts 

from these mobile emission sources can be estimated. The emission factors for 

heavy-duty diesel-powered equipment are presented in Table 4-7. The major 

additional vehicular traffic to and from the site will be associated with 

delivery of sorbents and additional coal and disposal of ash. Sorbent 

delivery will result in a maximum of 12 additional trucks a day and ash/spent 

sorbent disposal will result in an additional IO to 12 trucks. Additional 

coal delivery will result in a small increase in truck traffic. Using the 

emission factors shown in Table 4-7 the resulting carbon monoxide, hydrocarbon 

and NO, emissions for the LIMB extension have been calculated, assuming that 

each truck makes a 30 mile round trip averaging five miles per gallon. 

Maximum expected vehicular emissions for the life of the project are 1.2 tons 

CO, 0.2 tons HC, and 2 tons NO,. These are minimal compared with the current 

emissions from the power plant and mobile sources in the area. 

4.6.1.6 Noise. The additional truck traffic and equipment needed for 

the LIMB Demonstration Project Extension will also contribute to the noise 

level in the area. However, the additional equipment is located behind the 

existing power plant and some 1,000 feet from the noise sensitive area. In 

addition, the noise will occur against a background of the ambient operational 

noise from other power plant activities and would not represent a significant 

impact. 

4.6.1.7 Air Permits. It is not anticipated that any additional air 

permits will be necessary for demonstration over and above those already 

obtained for the base LIMB demonstration. Presently the Edgewater facility 

holds an operating permit issued by the state of Ohio on August 3, 1984, with 

an expiration date of August 3, 1987. In addition to this permit, a variance 

was applied for as part of the base LIMB technology demonstration to allow 

burning of high sulfur coal to develop baseline data on boiler performance 

with high sulfur coal prior to lime injection into the boiler. The variance 

was approved. After the high sulfur coal case, one goal of the LIMB 
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TABLE 4-7. EMISSION FACTORS FOR HEAVY-DUTY, DIESEL-POWEREO 
EQUIPMENT 

WISSION FACTORS FOR GIVEN fQUIPHENT 

Wrav-duty lilmelad Uh~~l~d Off-Ui:h- Xiscal- 
POLLUTANT Truck (lb/ Tractor Dozer v.y Truck l~lWC.“l 

1000 (lb/hour) (lb/hour) (lb/hour) (lb/haurl 
C~llonl) 

Carbon 
Monoxide 

Hyde.? 
carbona 

Nirroyen 
Oxidea 

113 2.15 0.71 1.34 0.61 

37 0.15 0.23 0.61 0.16 

370 0.99 3.05 7.63 2.17 

Source: U.S. Eaviromenrrl Protection Qm~cy, 1976r. 
Air Pollutant Lmisnion Factore, Second Ldicioa 
through 1976) AP-42, Raaeareh Trim&la Park, North Carolina. 
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Demonstration Project Extension is to assure that the present emission limits 

at Edgewater of 0.1 lbs particulate per million Btu and 3.4 lbs SOx per 

million Btu on a rolling 30-day average are not exceeded. 

4.6.2 Wastewater Emission$ 

There are five wastewater streams generated or affected by the LIMB 

Demonstration Project Extension. These are the ash water discharge, drainage 

from lime handling, acid storage tank drainage, drainage from the lime silo 

enclosure, and coal pile stormwater runoff. These are described briefly 

below. 

4.6.2.1 Ash Water Discharqe. The discharge from the ash handling system 

hydraulic exhauster is an existing wastewater discharge which is directed to 

the ash pond. This stream presently contains some coal fly ash carryover from 

the ash silo bag filter. On LIMB, the stream flow remains the same at 

approximately 1,000 gpm; however, this stream will change in that the ash 

carryover could now contain as much as 44 percent calcium oxide (lime), 

thereby making the stream alkaline. The ash water pH control system is 

designed to neutralize this alkalinity by injecting sulfuric acid into the 

discharge line. Thus, despite the increase in waste stream pH, the final ash 

pond discharge will be maintained at the present pH of about 7 to 8. The 

discharge will, however, be high in suspended solids. The ash water pH 

control system will be conservatively designed to ensure that pH levels in the 

final discharge will be within permitted limits. 

4.6.2.2 Lime Handlinq and Storaae Area Discharoe. Spills of pulverized 

lime may be experienced in the lime handling and storage area. Proper 

housekeeping practices will provide for manual cleanup and removal of major 

quantities of spilled lime with possible periodic maintenance washdowns to the 

lime area drain. Additionally, precipitation runoff from this area will be 

routed to this wastewater drain. Drainage will be conveyed to the bottom ash 

dewatering bin sump for subsequent recycle or treatment in the ash pond. 

Drainage quantity and quality will vary depending on the activity generating 

it; however, at worst it will be high in suspended solids and alkalinity. 

4.6.2.3 Acid Storaqe Tank Area Orainaqe. The new 5,000 gallon sulfuric 

acid storage tank of the ash water pH control system is located in a concrete 
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diked area sized to retain the full tank volume in the event of tank rupture 

plus precipitation from a 10 year, 24 hour rainfall event. A collection sump 

with crushed limestone is located within this area. The gravity discharge 

line from the sump has a normally closed valve which can be used to direct 

drainage to a plant wastewater collection trench. Periodically, the pH of the 

precipitation collected in the sump will be monitored and if acceptable (pH of 

6 to 9) the sump valve will be opened to drain the sump. This discharge will 

likely contain some suspended solids. The sump will drain to the ash pond, 

but this drainage will not affect the final ash pond discharge. Large acid 

spills would require manual neutralization and cleanup. The crushed limestone 

will serve to neutralize small amounts of sulfuric acid which may drip from 

the tank fill connection during filling operations. 

4.6.2.4 Drainaqe From Lime Silo Enclosure. Noncontact cooling water 

will be discharged from the sorbent feed pump compressor (about 10 gpm) and 

storage silo fluidizing air refrigerant air dryer (about 12 gpm) to a floor 

drain and ultimately to the bottom ash dewatering bin sump. The drainage will 

be of lake water quality with an elevated temperature (120°F, approximately). 

The temperature rise to lake water will be insignificant. At this time there 

is some question about where the noncontact cooling water will be discharged. 

An option is to discharge the water into the main plant cooling water intake. 

4.6.2.5 Coal Pile Stormwater Discharqe. During the demonstration 

period, high sulfur coals will be stockpiled on the existing coal pile. This 

is expected to affect the coal pile stormwater discharge by slightly lowering 

the pH and increasing the dissolved metals and solids content of the runoff. 

However, the magnitude of these effects is dependent on the level of coal 

impurities, and cannot be predicted until a test coal is selected. The 

effects on Lake Erie are expected to be insignificant compared to the effects 

of the ash pond discharge. 

4.6.2.6 Wastewater Permits. The basic water pollution control 

obligations imposed on the Edgewater power plant originate from the federal 

Clean Water Act and provisions of the Ohio water pollution control laws. With 

the LIMB and Coolside technologies, no significant changes in quantity or 

quality of water discharged over Edgewater's present status is anticipated 
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except the pH and total suspended solids. To deal with this possibility, a pH 

control system will be installed to assure maintenance of pH at existing 

permit levels. 

The major additional wastewater stream from the Coolside demonstration 

project will be the noncontact cooling water used by the compressor supplying 

atomizing air to the humidification nozzles. This compressor unit utilizes 

approximately 250 gpm of water. Some of this water (approximately 74 gpm) 

will be used to humidify the flue gas, and the remainder will be discharged 

into the intake channel. Other waste streams will remain largely unchanged. 

The facility is currently filing for a modification to the existing NPDES 

permit for the additional discharges which are small compared with the 

existing power plant streams. All wastewater from the LIMB Demonstration 

Project Extension will eventually drain through the primary ash pond and then 

through the secondary ash pond prior to discharge. The current permit 

specifies sampling and analysis for pH, total suspended solids, oil & grease, 

and various metals. Limits have been set for pH, total suspended solids, and 

oil & grease. There is a potential that wastewater from the LIMB process will 

increase the pH and the suspended solids levels. 

4.6.3 Solid Wastes 

The largest volume waste stream from the project will be the combined 

spent sorbents and ash from the LIMB Demonstration Project Extension. The 

estimated quantity of solid waste produced for each of the four sorbents is 

summarized in Tables 4-3 and 4-4. 

The solid wastes produced will be fly ash from coal combustion combined 

with excess lime and calcium sulfate. Coolside waste product will include 

calcium sulfite as well as calcium sulfate and some increase in sodium because 

of the additive used. The total solid waste production rate for the Edgewater 

Unit No. 4 will be in the region of 21 acre-feet a year (46,200 tons/year). 

This includes water of hydration and assumes a 43.3 percent unit capacity 

factor. 

4.6.3.1 LIMB Ash Leachate Studies. Ash by-products from the LIMB 

process were investigated in a pilot-scale facility by Southern Research 

Institute (SoRI). An average of 11 analyses of the ash generated by SoRI is 
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presented in Table 4-8. The ash consists primarily of excess lime, calcium 

sulfate and the coal's fly ash. 

There is concern over whether the high pH of the leachate from this 

material will cause disposal problems. Utility wastes such as fly ash and 

scrubber sludge are in an exempt category under the Resource Conservation and 

Recovery Act. Under this act, an extraction procedure (EP toxicity test) is 

used to leach out metals normally considered pollutants of concern. In tests 

conducted by SoRI thus far, metals extracted from 1IMB ash were below the 

concentration used to define hazardous waste (see Table 4-9). The quicklime 

component of the ash is beneficial in this regard since its chemically basic 

nature suppresses solubilization of many of these metals. 

The addition of water to LIMB ash is expected to result in cementitious 

reactions producing a material with increased structural integrity and lower 

permeability in a manner similar to the technique of mixing wet scrubber 

sludge with fly ash and lime. Stabilizing the material in this fashion may 

reduce or eliminate the potential need for neutralization of leachate. 

Under an EPA/SoRI cooperative project on disposal, recycle and by-product 

use of LIMB ash, SoRI is currently evaluating options of producing a synthetic 

aggregate for use as a road base material. In this case, a controlled 

hydration step would be required. SoRI is also working on several tasks 

including permeability studies of stabilized ash and characterization of 

runoff samples from West Lorain. 

4.6.3.2 Permeabilitv Studies on West Lorain Core Samoles. Ash 

conditioning tests were performed at Edgewater with LIMB ash from the Lakeview 

Station of Ontario Hydro. The wetted ash was transported to a test section on 

the property surrounding the West Lorain Plant of Ohio Edison. Ten piles of 

conditioned ash were placed in the landfill section. Samples were removed 

from each truck at the plant site. These samples were analyzed for free lime, 

sulfur, metal oxides, carbon, and hydrogen. A thermogravimetric analysis in a 

nitrogen atmosphere was performed on the Lakeview ash to determine calcium 

carbonate content. 

From this analysis, it was determined that the free lime content of the 

ash was approximately 24 percent, instead of the 17 percent which was 

4-33 



TABLE 4-8. LIMB ASH ANALYSES GENERATED BY SOUTHERN RESEARCH INSTITUTE 
(SoRI) IN A PILOT-SCALE FACILITY 

Component 

Loss on ignition 

Li20 

Na20 

K2° 

40 

CaO 

Range of Values 
% by Weight 

2.0 - 4.2 

0.01 

0.11 - 0.15 

0.38 - 0.78 

0.70 - 0.77 

36.7 - 51.1 

Fe203 3.8 - 12.1 

A1 2’3 5.5 - 10.4 

Si02 9.3 - 21.7 

Ti02 0.4 - 0.7 

p2°5 <0.03 - 0.05 

so3 15.5 - 26.8 
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TABLE 4-9. LEACHATE ANALYSIS OF ASH (EP TOXICITY TEST) 

Specie 

Levels Which Define 
Concentrations in Leachate. md/l Hazardous Waste 

Sample A Sample B w/l 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

PH 

0.0145 0.0210 

4.11 4.24 

0.00095 <0.0005 

0.0394 0.0240 

<0.0030 0.0045 

t0.0003 0.0003 

<0.0005 

12.4/12.2 pH unitsa 

<0.0005 

12.4/12.2 pH unitsa 

5 

100 

1 

5 

5 

0.2 

5 

12.5 max. 

a8efore/after acid addition 
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estimated by B&W before the wetting tests were run on the ash (Tables 4-8 and 

4-9). This information changed the water:lime ratios slightly so that the 

ratios were in the range of 2.5-4.0 instead of the 3.5-5.5 previously thought. 

To determine permeability of water through the ash piles, core samples 

were to be taken at 4 weeks, 16 weeks and 32 weeks, or until the permeability 

coefficient was tO.OOOOO1 cm/s. On August 19, 1986, some core samples were 

removed from the landfill site by SoRI. Law Engineering ran their 

permeability test on the specimen in the sampling cylinder without removing it 

first. The permeability coefficient was 8 x 10m4 cm/s, which is very high for 

this type of product after this length of curing (approximately 4 weeks). 

Dravo Lime Company had gotten a permeability of 3.6 x 10d6 cm/s for samples 

made in their laboratory and cured for 30 days. Therefore, a better method 

had to be devised to remove the core samples. A suggestion was made to use 

concrete coring and drilling equipment and cores were subsequently taken. 

Table 4-10 gives the results of tests performed to date. The ash piles 

with the actual water:lime ratios of 3-3.6 gave fairly good results, but the 

best results came from the pile which set up like cement (Pile #5). During 

the wetting test for this pile, the pugmill tripped off line several times so 

that large quantities of water occasionally poured into the pugmill while no 

ash was flowing into it. At other time, the conditioning system worked 

properly to give the lower water:lime ratios desired, but the truckload 

included a high water content for some parts, while other parts had 

considerably lower contents. The overall consistency was described as 

mudlike. No estimate of an overall water:lime ratio could be made. 

4.6.3.3 Characterization of Runoff Samoles From West Lorain Landfill 

Test Cell. On July 23-25, ash was received from Ontario Hydro, conditioned 

with various water:lime ratios at Edgewater using a Oravo-Wellman conditioning 

system, and placed in separate piles in a lined 40 by 60 foot area. Ohio 

Edison collected samples of the runoff from the drainage trench and sump and 

submitted them to SoRI for determination of solids, pH alkalinity, and RCRA 

metals. 

Table 4-11 lists the samples and the results obtained to date. In some 

cases a composite sample was used to provide enough sample for analysis. 
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TABLE 4-10. CORE SAMPLES FOR PERMEABILITY TESTING 
FROM EDGEWATER LANDFILL 

SRI Sample t 
BLW 

Sample # 

BLW 
Watar:Lim* 

htio 

SRI 
Water:Liae 

Patio 

P~rmcabilley 
Ratio Coefficient, 

cm/rcc 

D-0754-14- 1 3Al-A 4.5:1 3.281 6.75 x lOA 

D-0753-14- 2 

D-0753-14- 3 

D-0753-14- 4 

D-0753-14- 5 

D-0753-14- 6 

cho753-14- 7 

D-0753-14- 8 

D-0753-14- 9 

D-0753-14-10 

D-0753-14-11 

3A'-B 

iA 

4.5:1 

4.5:1 

0-m 

1.46 x lo-" 

38 

3c 

SA' 

4.5:1 

4.5:1 

3.211 

3.2:1 

3.2:1 

3.2:1 

Sludge 

--- 

4.76 x 104 

1.71 x 10-6 

5A 

6A’-A 

6A 

68 

Sludge -- 

5:l 

5:l 

5:l 

7A’-A operatora 
Discretion 

C-0753-14-12 7A'-B operatocr 
Discretion 

3.6:1 

3.6:1 

3.6:1 

2.921 - 3.6:1 

2.9:1 - 3.6:1 

D-0753-14-13 7A operatora 
Discretion 

2.9:1 - 3.6:1 

2.9:1 - 3.6:1 

3.64 x 10-*a 
b 

1.0 x 104 

9.49 x 104 

2.9 x 10-S 

3.29 x 10-S 

-em 

D-0753-14-14 

D-0753-14-15 

78 

A' 

A 

opwatorr 
Discretion 

operators 
Discretion 

2.9:1 - 3.6:1 

D-0753-14-16 oparatorr 
Discretion 

2.9rl - 3.6:1 

4.01 x 10-s 

3.63 x lo4 

a 
3.11 x 10-4 

m@w tw sampler were not &led proprly, a~ the prncability is higher 
t!tan expected. 

b 

Tt*ted by law Cnqiinccrinq using back pressure permeability method. 
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Figure 4-7 gives a layout of the West Lorain test area so the location of the 

sample can be referenced. 

The total dissolved solids were determined using Method 160.2 Residue, 

Non-Filterable, and the pH was determined using Method 150.1 E1ectrometric.l 

Mercury, selenium and barium were determined by Methods 245.1 Cold Vapor, 

Manual; 270.3 Atomic Absorption, Gaseous Hydride; and 208.1 Atomic Absorption, 

Direct Aspiration, respectively.' The rest of the RCRA metals were determined 

using the Atomic Absorption, Graphite Furnace methods found in Methods for 

Chemical Analysis of Water and Wastes EPA-600/4-79-020. Alkalinity was 

determined using Method 403 found in Standard Methods for the Examination of 

Water and Wastewater. 

4.6.3.4 Disoosal Site. The ultimate disposal site for the LIME and 

Coolside ash has not yet been selected. One area being considered is the Ohio 

Edison solid waste landfill where flyash is presently being disposed. In 

addition, the Ohio Edison Company has issued an inquiry for removal and 

disposal of ash from the site. In the inquiry Ohio Edison have the following 

specifications for the disposal site. 

1. The disposal site shall be licensed by the Ohio EPA for solid waste 
disposal and be operating in good standing. 

2. The ash shall be disposed of in accordance with all applicable 
environmental regulations. 

3. The ash will be segregated in the disposal site to allow for long 
term observation and testing of the ash by U. S. EPA and others. 

4. The contractor shall dispose of the ash in a safe and lawful manner 
and shall not in any manner salvage, reclaim, reuse, sell or 
distribute the ash without prior written approval of the company. 

'Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020. 

2Standard Methods for the Examination of Water and Wastewater, 15th 
Edition, Mary Ann H. Franson, Editor, American Public Health Association, 
Washington, D.C., 1980, p. 253-257. 
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Since the disposal site has not been selected the exact applicable 

regulations and requirements are not available; however, some idea of the 

level of discharge requirements can be obtained by considering the limits 

specified for the runoff from the West Lorain area. These are as follows: 

pH 6-9 and total suspended solids: Monthly average, 30 ppm; maximum 

daily, 100 ppm. 

As can be seen from Table 4-11, the pH in the trenches was initially 12 

on 7/2a. However, after five days, the pH dropped to about 7. The pH in the 

sump remained around 7 for all the samples tested, probably due to dilution 

from rain water. Since the allowable pti discharge limits for landfill runoff 

are 6 to 9, there seems to be no problem with the pH in the sump or in the 

trenches after five days. In all of the samples reported, the RCRA metals 

were well below the maximum allowable limit. The total suspended solids 

ranged from 82 to 1,620 ppm in the trenches and 5 to 26 ppm in the sump. 

Again there does not seem to be a total suspended solids problem in the sump. 

However, the trenches were all above the monthly average discharge, and most 

samples were above the maximum limit. In the trenches the p alkalinity ranged 

from 54 to 162 ppm and the m alkalinity ranged from 66 to 210 ppm. The m 

alkalinity ranged from 74 to 92 ppm in the sump. Currently there are no 

alkalinity regulations for a landfill. 

The results indicate that runoff from the ultimate disposal site should 

be contained and directed to a monitored sump or holding pond before 

discharge. There appears to be no correlation between the total suspended 

solids and time, or alkalinity and time. 

4.6.3.5 Coolside Ash Characteristics. There is less information on 

Coolside ash characteristics than is available for LIMB ash. Available data 

from pilot plant work and for ash from similar processes are summarized here. 

Table 4-12 presents the projected Coolside waste composition. The 

Coolside ash differs from LIMB ash in several ways. For example, there is 

less residual free lime in the Coolside ash, and a larger fraction of calcium 

sulfite. The spent sorbent will require less water because water is required 
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TABLE 4-12. PROJECTED COOLSIDE WASTE COMPOSITION AND QUANTITY* 

Componcnr 
Once Through 
Option, pph 

Recycle case 
pph 

C.(OH)I 7,280 4,969 
CeSO* 820 a74 
case, 4,099 4.373 
NblSO) 1,375 1,091 
NaaSO, 274 217 
Fl yash 7,191 7,0)2 

TotIll 21,047 18.556 

* Once Through Design Basis Ca/S - 2.0, 75% SO1 removal, 3% sulfur coal 
NaOH/Ca(OH)~ - 0.1 (v/v) 

Recycle Design Buff CdS - 1.6, 7SZ SO1 rcmovd, 32 rulfor cod 
NaOH/Co(OH)2 - 0.1 (V/V) 
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only for fugitive dust control during pug milling and disposal. Temperature 

rise is not a problem since fully hydrated sorbent is injected into the flue 

gas duct downstream of the airheater. The waste also contains appreciable 

concentrations of sodium salts which may increase the total dissolved solids 

content of the leachate. Available EP toxicity test results are summarized in 

Table 4-13. 

There are no compressive strength or permeability data for Coolside 

residue per se; however, information on these properties is available for 

spray dryer residues for the Joy/NIRO S02/NOx process which, similar to 

Coolside, involves injection of sodium hydroxide as an additive in conjunction 

with lime. These data are summarized in Table 4-14. The pure SO2 product is 

normal spray dryer residue, and the SOx/NOx product is the spent sorbent and 

sodium hydroxide additive. Landfilling of the Coolside residue should present 

no unusual problems based on the above cited data. 

4-44 



zez2zz NI+OCUOONO ONOOOOOO 
dGcJddd0.d 

NO-o%ONOV) ohO*-OcuN 
0-000000 
d A d d d d Ii 6 

” “V ” 

N-.rrCPWNOV, 
000000N(U 
0m000000 
OAdddddd 

” “V ” 

*oN*-Nu7m -0OoON ~~000000 
d d d d d d d d 

” ” ” ” ” 

(v 
m g - u-l ul 0. - 

647 
I 



TABLE 4-14. COMPRESSIVE STRENGTH AND PERMEABILITY OF 
PURE SOx AND COMBINED SOX/NOX PRODUCTS* 

l All samples are compacted to 960-980 kg/m) in dry density 
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5.0 CONSEQUENCES OF THE PROJECT 

5.1 CONSEQUENCES OF CONSTRUCTION 

The consequences of construction of the LIMB Demonstration Project 

Extension will be minimal, since little additional construction will be 

required for the LIMB extension project over and above what is already planned 

for the EPA LIMB work. 

It should be noted that it is difficult to separate the impacts of the 

DOE LIMB Demonstration Project Extension from the impacts of the original EPA 

LIMB proposal or modificat~ions. Much of the hardware/construction needed by 

the DOE LIMB Demonstration Project Extension projects will have already been 

built when the portion of the project which is the focus of this environmental 

report begins. Currently, plans are to install the necessary limestone 

delivery and ash handling equipment, bypass duct, and humidification equipment 

prior to the initiation of the DOE LIMB Demonstration Project Extension. The 

bypass duct is to be financed under the DOE LIMB project. Additional 

construction includes ash/sorbent recycle piping, additive mixing and 

injection, all of which are minor components. 

5.1.1 Environmental. Health. and Safetv Imoacts 

The site of the proposed demonstration plant is an existing industrial 

complex. Therefore, on-site construction activities are expected to have 

minimal impact. This is especially true since virtually all of the 

construction for the LIMB process extension will have already taken place for 

the EPA LIMB demonstration. Only installation of an ash recycle system and 

rerouting of the sorbent distribution piping and installation of additive 

injection is necessary for the Coolside demonstration since the construction 

for the humidification portion of the project will have been completed under 

the EPA LIMB. 

5.1.1.1 Atmo h ri so e c Imoacts. Includina Projection of Air Ouality 

The impacts of the construction of the DOE LIMB facility on the Dearadation. 

ambient air quality should be minimal due to the type of activities involved, 

such as forming and pouring concrete and placing process equipment, and those 
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impacts will be limited as much as is practicable to the site location. Since 

very small areas of the site are to be disturbed, fugitive particulate 

emissions from construction will be minimal. The construction equipment and 

trucks will generate small amounts of CO, THC, and NO,, but these are not 

significant compared to the amounts of these compounds presently generated by 

the facility and vehicles in the vicinity. 

5.1.1.2 Hvdrolosic Imoacts, Includina Chanses in Ground Water/Surface 

Water Qualitv and Ouantitv. and Stream Diversion.. The hydrological impacts of 

this project during construction will be negligible. The construction area is 

very small, and excavation will be minimized to the extent possible. 

Diversion berms will be constructed around the excavated areas to prevent any 

run-on. Stormwater within the excavated areas is expected to seep into the 

ground. There will be no stream diversions during the construction period. 

There will be no withdrawal of ground water for construction purposes. 

5.1.1.3 Land Use Imoacts Durino and After Construction Activities. Land 

use impacts at the facility will be minimal primarily due to the fact that 

alteration of existing environs has previously taken place through industrial 

development of Ohio Edison Company's Edgewater Plant, the location for the 

planned construction. Impacts that will occur should be temporary in nature, 

revolving around construction-related activities. Any impacts caused by the 

use of irretrievable resources will be recognized and the appropriate 

corrective action will be taken if necessary. 

5.1.1.4 Public and Occuoational Health Consequences of Construction 

Activities, Includina Accidents. It is not envisioned that any facet of the 

LIMB Demonstration Project Extension construction and demonstration will 

impose any unusual or unique health or safety hazards to employees or the 

public. The small quantities of additives used in the Coolside process will 

be handled in a manner consistent with the MSDS recommendations to ensure 

workers' and environmental safety. 

The proposed construction will be undertaken with the health and safety 

of all employees uppermost in mind. As part of its function as construction 

manager, B&W prepares safety specifications to be followed by all contractors. 

The responsibilities of all contractors with regard to the Occupational Safety 

and Health Act (OSHA) and state safety codes are specified in the B&W safety 

5-2 



specifications. Often, depending on the nature of the construction 

activities, special requirements will be imposed on the contractor. This is 

handled on a case-by-case basis before the award of the contract. 

During operation of the demonstration, power plant safety personnel will 

be on site. Routine safety meetings and any required monitoring activities 

will be coordinated by these personnel in compliance with all regulations in 

accordance with current Ohio Edison practice. 

5.1.1.5 Ecoloaical Imoacts. Babcock and Wilcox foresees no measurable 

ecological impacts due to construction. Because the site of the proposed 

facility is an existing industrial complex, construction activities will be 

short term and performed under appropriate permits, and since no sensitive 

aquatic or terrestrial habitats are located nearby, there should be no impact 

on the ecological community. 

5.1.2 Socioeconomic Imoacts 

Construction of the Demonstration Facility is projected to require 

approximately 50 workers at peak-activity. The construction period for this 

plant is forecast to be approximately six months. Effects of the added 

construction workers are expected to be experienced largely in the immediate 

area. This area is the host county of Lorain where most primary impacts are 

to be realized. Impacts will be dispersed throughout the adjoining region 

based on proximity to urban areas, work force origins, and transportation 

networks. It is expected that a considerable number of the new construction 

workers will be current residents of the Lorain areas. 

5.2 CONSEQUENCES OF OPERATION AND DISPOSITION OF THE PROJECT 

The consequences of operation of the project are more significant than 

the consequences of construction. This section will discuss the atmospheric 

impacts, hydrologic impacts, land use impacts and other significant impacts of 

operation. 

5.2.1 Atmosoheric Inmacts 
The goal of the LIMB Demonstration Project Extension is to reduce both 

NO, and SO, emissions from the station, and if the demonstration is 

successful, there will be a positive impact on air quality for these 
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pollutants. The particulate emissions from the facility may increase if the 

Coolside and LIMB humidification technologies are not able to enhance ESP 

performance to the degree expected since additional particulate matter is 

being introduced into the gas stream ahead of the electrostatic precipitator. 

However, the gas stream is being controlled by an oversized ESP. The LIMB 

Oemonstration Project Extension may also affect fugitive particulate emissions 

from the facility. Any effect on fugitive dust should be minimal since all 

dry sorbent handling equipment is furnished with baghouse filters. The waste 

material is more tightly bonded with reference to dusting than is the present 

~flyash material. 

In general, the operation of the LIMB Demonstration Project Extension 

will result in a decrease in SO2 and NO,, but may have a potentially negative 

impact on particulate levels. Each of these impacts is discussed briefly 

below. 

Currently the host site is discharging SO2 at a rate of 2.44 lbs of SO2 

per million Btu. It is expected that the LIMB technology will reduce SO2 

emissions by up to 50 percent. In a parametric study where three coals of 

different sulfur content (1.5, 3.0 and 3.8 percent) and various sorbents are 

utilized as proposed, failure to maintain levels below the maximum SO2 

emissions standard of 3.4 lbs of SO2 per million Btu permitted for the plant 

will result in either of two control options: 1) the ratio of sorbent to 

sulfur in the coal will be increased in an attempt to capture more sulfur 

emissions. In general the process will then be fine-tuned to ensure maximum 

SO2 capture. If this proves unsuccessful in reducing SO2 emissions to desired 

levels, then 2) terminate the test on that particular coal/sorbent 

combination. The objectives of the test will have been met by virtue of 

finding that a particular coal/sorbent combination does not perform 

satisfactorily. The demonstration will then move on to the next coal/sorbent 

combination. 

The Coolside technology is to be demonstrated utilizing a 3.0 percent 

sulfur content coal. The major variables for the Coolside processing 

controlling the SO2 emissions are the calcium:sulfur ratio, and the amount of 

additive used with the lime. If required, an increase in sorbent or additive 
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feed rates will be used such that the SO2 emissions do not exceed the current 

limit at the host site. A one MW field test program of the Coolside process 

in 1984 showed 75 percent SO2 reduction can be expected. Based on these data, 

maximum SO2 emission rates of 3.2 lbs of SO2 per million Btu at a 30 percent 

SO2 reduction test condition is projected from the host site during the 

Coolside optimization phase. During the Coolside demonstration phase, a 1.2 

lbs of SO2 per million Btu emission rate is projected. Taking into account 

that the test fuel will contain twice as much sulfur as the current fuel, this 

will lead to a net SO2 reduction of 52 percent from current operation levels 

of Unit No. 4 during the Coolside demonstration. 

NO, reduction will be realized by exchanging low NO, B&W XCL burners for 

the B&W circular burners currently in service at Edgewater. The predicted 

emission for the demonstration is 0.48 lbs of NO, per million Btu based on 

recent tests conducted in EPA's large water tube simulator facility operated 

by EER in El Toro, California. If these levels are achieved, NO, emissions 

reduction will vary from 27 to 44 percent depending on boiler load. 

Particulate emissions must be maintained at or below .1 lbs per million 

Btu. Results of the baseline testing showed that emissions without LIMB were 

close to this limit. It is anticipated that the particulate emissions will 

increase with the injection of sorbent into the boiler or flue gas since load 

on the electrostatic precipitator will be increased. It would be expected 

that with a very conservatively designed unit as at Edgewater, the excess 

capacity in the ESP would serve as a buffer to ensure particulate emissions do 

not exceed the limitation during the period of operating when the system is 

optimized. Flue gas humidification during the LIMB extension program and as 

an integral part of the Coolside technology will also improve precipitator 

performance. This, in addition to the excess capacity of the ESP, makes the 

probability of exceeding particulate limitations less during the 

demonstrations. Predicted particulate emissions without humidification range 

from 0.06 to .I6 lb/MBtu. At an emissions rate of 0.16 lb/MBtu the predicted 

maximum ground level impact will be 22 ug/m3. This result is based on scaling 

the results of five year modeling (using ISCST Model, Urban Mode 3) for 

determination of SO2 impact from the station. Only 8 ug/m3 of this impact is 
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attributable to emissions above permitted levels (.16 lb/Mm Btu to 

.I lb/Mm Btu). 

Based on the Ohio ambient monitoring data for TSP in Lorain County for 

1981 presented in Table 5-1, the additional 8 ug/m3 will not cause exceedences 

of the 24-hour primary standard of 260 ug/m3 at any monitoring station that is 

currently in compliance. However, it should be noted that one monitoring 

station exceeded the primary standards in 1981 and two stations exceeded the 

secondary 24-hour standard of 150 ug/m3. As a result, the station exceedences 

may exacerbate some air quality issues in the area. Given the short-lived 

nature of the project and the ability to increase particulate removal 

efficiency by humidification, the adverse impacts attributable to exceeding 

the permit limits will be small. 

Fugitive particulate emissions from on-site operations such as coal 

unloading and storage, plant haul roads and ash and sorbent handling should be 

controlled adequately if the existing fugitive emission permit requirements 

are followed. Fugitive emissions from landfilling the residues will also be 

small if the residue is slaked prior to disposal. 

5.2.2 Hvdrolooic Imoacts. 

The hydrologic impacts from the LIMB Oemonstration Project Extension will 

be small. Some changes to the ground water underlaying the coal storage pile 

can be expected from the storage of high sulfur coal which will generate a 

more acidic leachate. The original coal used at Edgewater contained 

approximately three percent sulfur and was considered a high sulfur coal. 

Therefore, comparable leachates have been generated in the past. 

No increase in the volume of runoff from the coal power is expected since 

the area covered by the storage pile cannot be increase due to the site space 

limitations. However, some decrease in pH and increase in dissolved metals, 

solids and total acidity content of the runoff can be expected as a direct 

result of lower pH. Metals and acidity levels in the runoff are primarily 

dependent on their level in the coal, not on the coal-sulfur content, and 

cannot be predicted until a test coal is selected. The lowering of pH in the 

coal power runoff is due primarily to the air oxidation of the iron sulfides 

in the coal as shown in the following equation: 
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2FeS2 t 702 t 2H20 = 2FeS04 t 2H2S04 

Table 5-2 presents some coal storage runoff data by coal sulfur content. 

This data was derived by EPA and may be used at the first cut for estimating 

the pH of the runoff from the high-sulfur coal. By interpolation, the runoff 

from the high-sulfur coal will lower the pH to approximately 2.6. It should 

be realized that the existing coal power runoff will have a pH of around 3 and 

that the change in runoff pH of just .4 of a pH unit may not be very 

significant in terms of impacts on the ash pond. 

Surface water impacts from operation of the projects will be small 

compared with the existing impact from the coal-fired station. There are no 

significant wastewater discharges from LIMB and Coolside in comparison with 

t,he Edgewater power plant discharges. The character of the discharges may 

change due to sorbent infiltration into the sluice water. This could result 

in a higher effluent pH. A system for pH adjustment will be installed to 

ensure compliance with effluent limitations. The wastewater generated with 

LIMB and Coolside technology retrofit to a power plant is not expected to be 

unique as compared with a conventional coal fired power plant without these 

retrofit technologies. 

The hydrologic impacts from solid waste disposal cannot really be 

quantified at this time. The SoRI work showed that the runoff from disposed 

material was neutral after a short period of time and also had low levels of 

metals. In addition, the permeability of the disposed material was low and if 

the disposal site is properly sited then the waste handled should be no 

additional problem. The initial runoff from the waste disposal site will have 

a high pH and high total suspended solids. It may be necessary to provide 

runoff collection and pH adjustment for the portion of the disposal site 

(i.e., less than seven days old) to mitigate these impacts. In addition, the 

ground water in the selected solid waste disposal area may increase in pH and 

may have higher total dissolved solids. 

5.2.3 Land Use Imoacts 

Land use impacts at the LIMB Extension Facility will be minimal since the 

demonstration project is taking place at an existing site and very little 
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TABLE 5-2. COAL STORAGE PILE RUNOFF DATA 

Coal very 
Sulfur % low 

Runoff pH 6.6 

2.0% 

2.81 

4.2% 

2.56 

high 

2.1 

Runoff Concentration (mg/l) 

Acidity 9 3350 1650 21,700 

Sulfate -_ 5160 3050 19,000 

TDS __ 7900 3600 28,970 

Iron 1 940 350 4,700 

Aluminum _- 260 43 1,200 

Mn -- 28.7 4.1 __ 

Zn __ 6.46 2.42 12.5 

Cox, Doye, B., g$ a. 1979. EPA-600/7-79-051. 
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additional land will be used. Disposal of solid waste from a demonstration 

project may have a noticeable impact. As previously discussed, up to 20 

acre-feet of waste material will be generated in a year (including 5 acre-feet 

of ash that would be generated without LIMB), and it can be expected that 

30-40 acre-feet of material will be generated over the life of the 

demonstration project. Assuming fill depths of up to 10 feet, 3 to 4 acres of 

land would have to be committed instead of approximately 1 acre for the 

existing station for long term disposal of the waste product. One positive 

benefit of waste disposal in a separate facility is that the existing life of 

the presently used landfill will be extended for one to two years. This issue 

will be more fully addressed when the final disposal site is selected. 

5.2.4 Geoloqic Imoacts 

The demonstration project will cause negligible geologic impacts to soils 

at the Edgewater site. However, there may be some geologic impacts from the 

solid waste disposal. This cannot be addressed at this time. 

5.2.5 Public and Occuoational Health and Safetv Imoacts 

It is not envisaged that any facet of the LIMB Demonstration Project 

Extension construction and demonstration will impose any unusual or unique 

health or safety hazards to employees or the public. The small quantities of 

additive used in the Coolside process will be handled in a manner consistent 

with the material safety data sheet recommendations to ensure workers' and 

environmental safety. The solid waste generated will exhibit some of the 

properties of calcium oxide and will require handling in an appropriate manner 

when it is being disposed. Again, the recommendations contained in the 

material safety data sheets for lime and similar materials will be followed 

when the material is handled. 

The LIMB Extension will result in an increased volume of truck traffic to 

the plant. Some 20 to 24 additional trucks will enter the plant every day for 

delivering lime or trucking off of additional ash. This is compared with 45 

to 50 trucks under existing situations. This may increase the noise levels on 

the access roads to the Edgewater station , and will result in a small increase 

in NO,, CO, and THC in the area over the life of the project. 
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5.2.6 Ecoloqical Imoacts 

The demonstration project will have no known or predicted ecological 

impacts at the Edgewater station since it is an existing power plant and there 

is no suitable habitat on-site. There is some potential for ecological 

impacts at the solid waste disposal site. However, these cannot be quantified 

since the site has not been selected at this time. 

5.2.7 Imoact on Reaional or Local Plans for Fuel and Water Resources 

The LIMB Demonstration Project Extension will have a beneficial impact on 

any plans for coal utilization in the area since the project will use locally 

mined medium and high sulfur coal. The impact on water resources is 

negligible compared with the existing station. Total estimated water use for 

the LIMB Extension is discussed further in Section 7.0. 

The impacts of the solid wastes may be significant since solid waste 

volumes will increase two to four times depending on the sorbent type and 

ratio used. 

5.2.8 Irreversible/Irretrievable Commitment of Resources 

The LIMB Demonstration Project Extension will consume approximately 

180,000 tons of coal including 60,000 tons of 1.5 percent sulfur, 60,000 tons 

of 3 percent, and 60,000 tons of 3.8 percent. This will replace the coal 

currently used by the station. The project will also consume 9,000 tons of 

calcitic limestone, 16,000 tons of dolomitic limestone, 8,000 tons of 

dolomitic hydrated lime and 2,500 tons of promoted lime. The Coolside 

technology demonstration will consume approximately 60,000 tons of 3 percent 

sulfur coal, and 6,000 tons of sorbent. An additional 1,200 tons of additive 

(50 percent sodium hydroxide) will be consumed. 

.The spent sorbent material may be recycled for uses such as 

neutralization of acid wastes and production of synthetic aggregate for roads. 

Research into potential beneficial reuse is being made by Southern Research 

Institute at this time. 

5.2.9 Socioeconomic Impacts 

Long term beneficial socioeconomic attributes of the LIMB and Coolside 

technologies are expansion of the nation's coal mining sections and fuel price 

stabilization. Jobs and incomes will be created as coal mining operations are 
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expanded to allow use of higher sulfur coals than can be used with current SO2 
emission restrictions. The higher sulfur coals are generally lower in price 

and therefore have a positive impact on utility economics. The availability 

of a broader number of coals as candidate fuels will induce electricity price 

stabilization as the utility will now have an increased latitude on fuel 

options while not exceeding SO2 emissions. Jobs and income created as coal 

mining operations are expanded would be immediately filled in southwestern 

Ohio where coal is the largest contributor to the economy according to the 

Ohio Mining and Reclamation Assn. However, the impacts on jobs and the 

economy based on the LIMB demonstration project alone would be small and 

short-lived since the project will only last for two years or so. Impacts on 

the labor force will be minimal but slightly positive. It is anticipated that 

no additional operating labor will be required at the station; however, some 

additional labor will be on-site during the demonstration project to ensure 

proper operation of the equipment and to obtain the necessary performance data 

(2 to 3 people maximum). 

5.2.10 Aesthetic Imoacts 

No aesthetic or visual impacts are anticipated from demonstration of the 

technology at the Edgewater site. Some impacts may result in the selected 

solid waste disposal area. 

5.2.11 Imoact on Tribal or Other Reliaious Practices_ 

There should be no impact on tribal or religious practices from the LIMB 

Demonstration Project Extension technologies at the Edgewater plant. 
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6.0 REGULATORY COMPLIANCE 

The environmental regulations with which the technology will have to 

comply are those regulations governing air quality and emissions, water 

quality and discharges, and solid and hazardous wastes with which the present 

power plant must comply prior to retrofit with the proposed SOx/NOx reduction 

technology. Health and safety regulations directed at employees will continue 

to be met in the same manner as in the case prior to retrofit. 

6.1 AIR REGULATIONS 

Air emissions from the Edgewater plant are governed by appropriate 

attainment and non-attainment area regulations of the Clean Air Act. 

Non-attainment regulations apply where the National Ambient Air Quality 

Standards (NAAQS) are not being met for specific criteria pollutants. 

Criteria pollutants for which there are NAAQS are listed below. 

Sulfur dioxide (S02) 

Carbon monoxide (CO) 

Total suspended solids (TSP) 

Nitrogen dioxide (N02) 

Photochemical oxidants 

Lead 

The Edgewater plant is located in a designated attainment area for SO, 

emissions and secondary non-attainment area for TSP. 

As discussed in earlier sections, the LIMB and Coolside technologies will 

reduce both NO, and SO, emissions from the facility and compliance will 'be 

maintained. In addition, a variance of the operating permit was applied for 

as part of the base LIMB technology demonstration to allow burning of high 

sulfur coal during baseline testing. 

The particulate emissions from the facility may exceed allowable limits 

during portions of the LIMB extension project if humidification is not 

utilized. However, this will be for a short duration, and the need for 

another variance to the air permit to cover these periods is not anticipated. 
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As part of the LIMB Demonstration Project Extension, Radian Corporation 

will be on-site throughout the period to monitor gas composition and collect 

solid and liquid samples for analysis. Data that will be obtained includes 

continuous emissions monitoring to measure CO, C02, 02, SOx, NOx and 

hydrocarbons. Manual gas analyses and particulate sampling will also be 

conducted. This information, along with the data from B&W system 140 

monitoring the furnace and routine operating data, will be sufficient to 

characterize the operation and performance of the boiler and LIMB system on 

each coal/sorbent combination. These results will provide the basis for 

evaluating SO2 removal performance, ESP efficiency and process control 

ability. It is not anticipated that any additional environmental data 

collection will be needed beyond that already required by the applicable 

permits and/or regulations since much environmental data is being conducted as 

part of the demonstration process. All monitoring data obtained for permit 

compliance will be submitted to the appropriate agencies as required by the 

permits. These data are available to the general public from the agencies. 

Additional environmental data collected, if useful, will be made available 

through technical publications. 

6.2 WASTEWATER REGULATIONS 

The basic water pollution control obligations imposed on the Edgewater 

power plant originate from the federal Clean Water Act and the provisions of 

the Ohio water pollution control laws. The permit requirements for the 

station are summarized in Table 6-1. According to Ohio Edison personnel, the 

facility is in compliance with the applicable limits. Some modifications may 

be required to the current NPDES permit for discharge of the additional 

wastewater through the existing outfalls. This is currently being 

investigated. As previously discussed, the pH and TSS of the ash pond 

discharge may change. To deal with this possibility, a system for pH 

adjustment will be installed to ensure maintenance of pH at existing permit 

levels. No additional provisions will be made to control total suspended 

solids. 
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6.3 SOLID WASTES 

Disposal of solid wastes from the facility is governed by the State of 

Ohio Waste Disposal Regulations. The solid wastes will be disposed of in an 

Ohio EPA approved landfill if they cannot be sold. A disposal site for the 

LIMB and Coolside residues has not yet been selected, and therefore a permit 

for landfilling the solid wastes has not yet been obtained. 
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7.0 INFORMATION TO DETERMINE IMPACTS TO WATER RESOURCES 

Water resource requirements and water availability are not significant 

issues for this project when compared with existing water use at the Edgewater 

station. The station water use is presented in Figure 7-1. The power plant 

uses some 110 Mgd for once-through cooling water and approximately 1 Mgd for 

process water. The LIMB extension and Coolside demonstration projects' 

estimated water usage is presented in Table 7-1. The projects will require a 

maximum water usage rate of 450 gpm. Water needed for humidification will be 

taken from the compressor cooling water discharge. This stream may also be 

used to sla:ie the LIMB and Coolside residues. Actual water demand will then 

be reduced to 250 gpm. This is less than 1 percent of the total water demands 

of the site and is judged inconsequential. Any water needed and consumed by 

the project will be supplied by Lake Erie which is virtually an inexhaustible 

resource. 
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TABLE 7-1. WATER USAGE FOR LIMB DEMONSTRATION AND COOLSIDE 

LIMB Coolside 

Noncontact cooling water for 
compressors 

22 wm 250 gpm 

Hydrovac water usage 
current 1,000 gpm 

Humidification 

Slaking of residues (10% excess) 
or pugmilling 

Unchanged from Unchanged from 
original original 

0 74 gpm 

SO-100 gpm 4 wm 

Fugitive dust control 

Additive dilution 

Unknown--no Unknown--no 
additional from additional from 
base plant base plant 

0 2 wm 
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1. 

2. 

3. 

4. 

5. 

CALCIUM 

Method 215.2 Wtrimetric, EDTA) 

STORET NO. Calcium (mg/l CaCO,) 00910 
Calcium, Total (mg/l Ca) 00916 

Scope and Application 
1.1 This method is applicable to drinking and surface wafers, domestic and industrial wastes. 
1.2 The lower detection limit of this method is approximately 0.5 mg/l as CaCO,; the upper 

limit can be extended to all concentrations by sample dilution. It is recommended that a 
sample aliquot containing not more than 25 mg CaCO, be used. 

Summary of Method 
2.1 Calcium ion is sequestered upon the addition of disodium dihydrogen ethylenediamine 

tetraacetate (EDTA). The titration end point is detected by means of an indicator which 
combines with calcium only. 

Interferences 
3.1 Strontium and barium interfere and alkalinity in excess of 30 mg/l may cause an 

indistinct end point. Magnesium interference is reduced or eliminated by raising the pH 
between 12-13 to precipitate magnesium hydroxide. 

Apparatus 
4.1 Routine laboratory tittimetric glassware 
Reagents 
5.1 Sodium hydroxide, NaOH. 1 N 
5.2 Indicators 

5.2.1 Many indicators are available, both laboratory prepared and commercial, and may 
be used. Two are described here. 

5.2.2 Murexide (ammonium purpurate) indicator: This changes from pink to purple. 
Dissolve 150 mg of the dye in 100 g absolute ethylene glycol. If a dry powder is 
preferred mix 200 mg murexide with 100 g solid NaCl and grind to 40 to 50 mesh. 
Titrate immediately after adding indicator because it is unstable under alkaline 
conditions. 

5.2.3 Eriochrome Blue Black R (sodium-l-(2-hydroxy-l-naphthylazo)-2-naphthol-4- 
sulfonic acid) indicator: This changes from red through purple to bluish purple to a 
pure blue without any trace of red or purple tint. The pH of some waters must be 
raised to 14 (rather than 12-13) by the use of 8 N NaOH in order to get a good 
color change. Grind in a mortar 200 mg powdered dye and 100 g solid NaCl to 40 
to 50 mesh. Store in tightly stoppered bottle. Use 0.2 g of this mixture for titration. 

Approved for NPDES 
Issued 1974 
Editorial revision 1978 
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5.3 Standard EDT.1 titrant. 0.02 N: Place 3.723 g analytical reagent grade disodium 
ethylenediamine tetraacetate dihydrate, Na,H&H,,08N,*2 H,O m a I liter volumetric 
flask and dilute to the mark with distilled water. Check with standard calcium solution 
(5.3. I) by titration (5.3.5). Store in polyethylene. Check periodically because of gradual 
deterioration. 
5.3.1 Standard calcium solution, 0.02 .N: Placr 1.000 g anhydrous calcium carbonate 

(primary standard low in heavy metals, alkalies and magnesium) in a 500 ml 
flask. Add. a littleata time I + I HCl(5.3.2) untilallot theCaC0shasdissolved. 
.&id200 ml distilled water. Boil for a few minutes toexpel Con. Cool. hdda few 
drops of methyl red indicator (5.3.3) and adjust to intermediate orange color by 
adding 3N NH40H (5.3.4) or I + I HCl (5.3.2) as required. Quantitatively 
transfer to a I liter volumetric flask and dilute to mark with distilled warer. 

5.3.2 Hydrochloric acid solution, 1 + 1 
5.3.3 Methyl red indicator: Dissolve 0.10 g methyl red in distilled water in a 100 ml 

volumetric flask and dilute to mark. 
5.3.4 Ammonium hydroxide solution, 3 N 
5.3.5 Standardization titration procedure: Place 10 ml standard calcium solution 

(5.3. I) in a ~ssel containing about50 ml distilled water. Add 1 ml buffer solution 
(5.3.6). .Idd l-2 drops indicator (5.3.7) or small scoop of dry indicator (5.3.7). 
Titrate slowly with continuous stirring until the last reddish tinge disappears, 
adding last few drops at 3-5 second intervals. At end point the color is blue. Total 
titration duration should be 2 5 minutes from the time of buffer addition. 

0.2 
N of EDTA = 

ml EDTA 
5.3.6 Buffer solution: Dissolve 16.9 g ammonium chloride in 143 ml cone ammonium 

hydroxide in a 250 ml volumetric flask. Add 1.25 g of magnesium salt of EDTA 
(5.3.8) and dilute to the mark with distilled water. Store in tightly stoppered plastic 
bottle. 

5.3.7 Indicator: Commercially available Eriochrome Black T is used in one of the three 
methods described. All gradually deteriorate. 
5.3.7.1 Mix 0.5 g dye with 4.5 g hydroxylamine hydrochloride. Dissolve in 100 

ml of 95% ethanol or isopropanol. 
5.3.7.2 Place 0.5-1.0 g dye in 100 g of triethanolamine or 2-methoxyethanol. 
5.3.7.3 Mix 0.5 g dye and 100 g NaCl for dry formulation. 

5.3.8 EDTA Magnesium Salt: Commercially available. 
6. Procedure 

6.1 Pretreatment 
6.1.1 For drinking waters, surface waters, saline waters, and dilutions thereof, no 

pretreatment steps are necessary. Proceed to 6.2. 
6.1.2 For most wastewaters and highly polluted waters, the sample must be digested as 

given in the Atomic Absorption Methods section of this manual, paragraphs 4. I .3 
and 4.1.4. Following this digestion, proceed to 6.2. 

6.2 Sample Preparation: 
6.2.1 The calcium content of the 50 ml aliquot to be titrated should be 5-10 mg, 

therefore dilution should be used for high calcium concentrations. 
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6.2.2 If the alkalinity is z 300 mg/l CaCO, and cannot be reduced by dilution because 
of low calcium concentration, the alkalinity must be decreased by acidifying, 
boiling one minute and cooling. 

6.3 Titration 
6.3.1 Add 2.0 ml NaOH solution (5.1). or a volume sufficient to produce pH 12 to 13, to 

50 ml of sample. 
6.3.2 Stir. Add 0.1 to 0.2 g indicator (5.2.2 or 5.2.3) or l-2 drops if indicator solution is 

used. 

7. 

6.3.3 Immediately titrate with continuous stirring. Check to see that no further color 
change occurs when using murexide (5.2.2) by adding 1 to 2 more drops of titrant 
after recording milliliters of titrant at first judged end point. 

Calculations 
7. I Total calcium 

mg/l Ca = A~Nx20.040 
ml of sample 

where: 
~A = ml titrant 
N = Normality of EDTA solution 

7.2 Calcium hardness 

mg/l &CO, = A x N x 50,OOO 
ml of sample 

8. 
where A and N are the same as in 7.1. 

Precision and Accuracy 
8.1 A synthetic unknown sample containing 108 mg/l Ca, 82 mg/l Mg, 3.1 mg/l K. 19.9 

mg/l Na, 241 mg/l chloride, 1.1 mg/l nitrate N, 250 ug/l nitrite N, 259 mg/l sulfate, 
and 42.5 mg/l total alkalinity in distilled water was determined by this method with a 
relative standard deviation of 9.2% and a relative error of 1.9% in 44 laboratories. 

Bibliography 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 189, 
Method 306C (1975). 

2. Annual Book of ASTM Standards, Part 3 1, “Water”, Standard D51 l-76, Method B, p 253 
(1976). 
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FLUORIDE 

Method 340.2 (Potentiometric, Ion Selective Electrode) 

STORET NO: Total 00951 
Dissolved 00950 

1. 

2. 

3. 

4. 

5. 

Scope and Application 
1.1 This method is applicable to the measurement of fluoride in drinking, surface and saline 

waters, domestic and industrial wastes. 
1.2 Concentration of fluoride from 0.1 up to 1000 mg/liter may be measured. 
1.3 For Total or Total Dissolved Fluoride, the Bellack distillation is required for NPDES 

monitoring but is not required for SDWA monitoring. 
Summary ofMethod 
2.1 The fluoride is determined potentiometrically using a fluoride electrode in conjunction 

with a standard single junction sleeve-type reference electrode and a pH meter having an 
expanded millivolt scale or a selective ion meter having a direct concentration scale for 
fluoride. 

2.2 The fluoride electrode consists of a lanthanum fluoride crystal across which a potential is 
developed by fluoride ions. The cell may be represented by Ag/Ag Cl, Cl70.3). 
F(O.OO1) LaF/test solution/SCE/. 

Interferences 
3.1 Extremes of pH interfere; sample pH should be between 5 and 9. Polyvalent cations of 

Si”, Fe” and Al” interfere by forming complexes with fluoride. The degree of 
interference depends upon the concentration of the complexing cations, the 
concentration of fluoride and the pH of the sample. The addition of a pH 5.0 buffer 
(described below) containing a strong chelating agent preferentially complexes 
aluminum (the most common interference), silicon and iron and eliminates the pH 
problem. 

Sampling Handling and Preservation 
4.1 No special requirements. 
Apparatus 
5. I Electrometer (pH meter), with expanded mv scale, or a selective ion meter such as the 

Orion 400 Series. 
5.2 Fluoride Ion Activity Electrode, such as Orion No. 94-09”‘. 
5.3 Reference electrode, single junction, sleeve-type, such as Orion No. 90-01, Beckman No. 

40454, or Coming No. 476010. 
5.4 Magnetic Mixer, Teflon-coated stirring bar. 

Approved for NPDES and SDWA 
Issued 1971 
Editorial revision 1974 
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6. Reagents 
6.1 Buffer solution, pH 5.0-5.5: To approximately 500 ml of distilled water in a 1 liter beaker 

add 57 ml of glacial acetic acid, 58 g of sodium chloride and 4 g of CDTA12’. Stir to 
dissolve and cool to room temperature. Adjust pH of solution to between 5.0 and 5.5 with 
5 N sodium hydroxide (about 150 ml will be required). Transfer solution to a 1 liter 
volumetric flask and dilute to the mark with distilled water. For work with brines, 
additional NaCl should be added to raise the chloride level to twice the highest expected 
level of chloride in the sample. 

6.2 Sodium fluoride, stock solution: 1.0 ml = 0.1 mg F. Dissolve 0.22 10 g of sodium fluoride 
in distilled water and dilute to 1 liter in a volumetric flask. Store in chemical-resistant 
glass or polyethylene. 

6.3 Sodium fluoride, standard solution: 1.0 ml = 0.01 mg F. Dilute 100.0 ml of sodium 
fluoride stock solution (6.2) to 1000 ml with distilled water. 

6.4 Sodium hydroxide, 5N: Dissolve 200 g sodium hydroxide in distilled water, cool and 
dilute to 1 liter. 

7. Calibration 
7.1 Prepare a series of standards using the fluoride standard solution (6.3) in the range of 0 to 

2.00 mg/l by diluting appropriate volumes to 50.0 ml. The following series may be used: 

Millimeters of Standard Concentration when Diluted 
(1.0 ml = 0.01 mg/F) to 50 ml, mg FAiter 

0.00 0.00 
1.00 0.20 
2.00 0.40 
3.00 0.60 
4.00 0.80 
5.00 1.00 
6.00 1.20 
8.00 1.60 

lO.Lnl 2.00 

8. 

7.2 Calibration of Electrometer: Proceed as described in (8.1). Using semilogarithmic graph 
paper, plot the concentration of fluoride in mg/liter on the log axis vs. the electrode 
potential developed in the standard on the linear axis, starting with the lowest 
concentration at the bottom of the scale. Calibration of a selective ion meter: Follow the 
directions of the manufacturer for the operation of the instrument. 

Procedure 
8.1 Place 50.0 ml of sample or standard solution and 50.0 ml of buffer (See Note) in a 150 ml 

beaker. Place on a magnetic stirrer and mix at medium speed. Immerse the electrodes in 
the solution and observe the meter reading while mixing. The electrodes must remain in 
the solution for at least three minutes or until the reading has stabilized. At 
concentrations under 0.5 mg/liter F, it may require as long as five minutes to reach a 
stable meter reading; high concentrations stabilize more quickly. If a pH meter is used, 
record the potential measurement for each unknown sample and convert the potential 
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9. 

reading to the fluoride ion concentration of the unknown using the standard curve. If a 
selective ion meter is used, read the fluoride level in the unknown sample directly in 
mg/l on the fluoride scale. 
NOTE: For industrial waste samples, this amount of buffer may not be adequate. 
Analyst should check pH first. If highly basic (> 9) add 1 N HCl to adjust pH to 8.3. 

Precision and Accuracy 
9.1 A synthetic sample prepared by the Analytical Reference Service, PHS, containing 0.85 

mg/l fluoride and no interferences was analyzed by 1 I1 analysts; a mean of 0.84 mg/l 
with a standard deviation of kO.03 was obtained. 

9.2 On the same study, a synthetic sample containing 0.75 mg/l fluoride, 2.5 mg/l 
polyphosphate and 300 mg/l alkalinity, was analyzed by the same 111 analysts; a mean 
of 0.75 mg/l fluoride with a standard deviation of kO.036 was obtained. 

Bibliography 

1. Patent No. 3,431,182 (March 4, 1969). 
2. CDTA is the abbreviateddesignationof 1,2-cyclohewylenedinitrilo tetraaceticacid. (The 

monohydrate form may also be used.) Eastman Kodak 15411, Mallinckrodt2357. Sigma D 
1383, Tridom-Fluka 32869.32870 or equivalent. 

3. Standard Methods for the Examination of Water and Wastewaters, p 389, Method No. 414A. 
Preliminary Distillation Step (Bellack), and p 391, Method No. 414B, Electrode Method, 14th 
Edition (1975). 

4. Annual Book of ASTM Standards, Part 31, “Water”, Standard D1179-72, Method 9, p 312 
(1976). 
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METHOD 1110 

CORROSIVITY TOWARD STEEL 

1.0 SCOPE AND APPLICATION 

1.1 Method 1110 is used to measure the corrosivity toward steel of both 
aqueous and nonaqueous liquid wastes. 

2.0 SUMMARY OF METHOD 

2.1 This test exposes coupons of SAE Type 1020 steel to the liquid waste 
to be evaluated and, by measuring the degree to which the coupon has been 
dissolved, determines the corrosivity of the waste. 

3.0 INTERFERENCES 

3.1 In laboratory tests, such as this one, corrosion of duplicate 
coupons is usually reproducible to within 10%. However, large differences in 
corrosion rates may occasionally occur under conditions where the metal 
surfaces become passivated. Therefore, at least duplicate determinations of 
corrosion rate should be made. 

4.0 APPARATUS AND MATERIALS 

4.1 An apparatus should be used, consisting of a kettle or flask of 
suitable size (usually 500 to 5,000 mL), a reflux condenser, a thennowell and 
temperature regulating device, a heating device (mantle, hot plate, or bath), 
and a specimen support system. A typical resin flask set up for this type of 
test is shown in Figure 1. 

4.2 The supporting device and container shall be constructed of 
materials that are not affected by, or cause contamination of, the waste under 
test. 

4.3 The method of supporting the coupons will vary with the apparatus 
used for conducting the test, but it should be designed to insulate the 
coupons from each other physically and electrically and to insulate the 
coupons from any metallic container or other device used in the test. Some 
coasnon support materials include glass, fluorocarbon, or coated metal. 

4.4 The shape and form of the coupon support should ensure free contact 
with the waste. 
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Figure 1. Typical resin flask that can be used as a versatile and 
convenient apparatus to conduct simple immersion tests. Configuration of the 
flask top is such that.more sophisticated apparatus can be added as required 
by the specific test being conducted. A = thermowell, B = resin flask, C = 
specimens hung on supporting device, D = heating mantle, E = liquid interface, 
F = opening in flask for additional apparatus that may be required, and G = 
reflux condenser. 
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4.5 A circular specimen of SAE 1020 steel of about 3.75 cm (1.5 in.) 
diameter is a convenient shape for a coupon. With a thickness of 
approximately 0.32 cm (0.125 in.) and a 0.80-cm (0.4-in.)-diameter hole for 
mounting, these specimens will readily pass through a 45/50 ground-glass joint 
of a distillation kettle. The total surface area of a circular specimen is 
given by the following equation: 

A = 3.14/2(D2-d2) + (t)(3.14)@) + (t)(3.14)(d) 

where: 

t = thickness. 
D = diameter of the specimen. 
d = diameter of the mounting hole. 

If the hole is completely covered by the mounting support, the last term in 
the equation, (t) (3.14) (d), is omitted. 

4.5.1 All coupons should be measured carefully to permit accurate 
calculation of the exposed areas. 
usually adequate. 

An area calculation accurate to 21% is 

4.5.2 More uniform results may be expected if a substantial layer 
of metal is removed from the coupons prior to testing the corrosivity of 
the waste. This can be accomplished by chemical treatment (pickling), by 
electrolytic removal, or by grinding with a coarse abrasive. At least 
0.254 mm (0.0001 in.) or 2-3 mg/cm2 should be removed. Final surface 
treatment should include finishing with 1120 abrasive paper or cloth. 
Final cleaning consists of scrubbing with bleach-free scouring powder, 
followed by rinsing in distilled water and then in acetone or methanol, 
and finally by air-drying. After final cleaning, the coupon should be 
stored in a desiccator until used. 

4.5.3 The minimum ratio of volume of waste to area of the metal 
coupon to be used in this test is 40 mL/cm2. 

5.0 REAGENTS 

5.1 Sodium hydroxide 
II water and mix well. 

5.2 Zinc dust. 

(NaOH), (20%): Oissolves 200 g NaOH in 800 mL Type 

5.3 Hydrochloric acid (HCl): Concentrated. 

5.4 Stannous chloride (SnC12). 

5.5 Antimony chloride (SbCl3). 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples should be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

7.0 PROCEDURE 

7.1 Assemble the test apparatus as described in Paragraph 4.0, above. 

7.2 Fill the container with the appropriate amount of waste. 

7.3 8egin agitation at a rate sufficient to ensure that the liquid is 
kept well mixed and homogeneous. 

7.4 Using the heating device, bring the temperature of the waste to 55.C 
(13O.F). 

7.5 An accurate rate of corrosion is not required: only a determination 
as to whether the rate of corrosion is less than or greater than 6.35 nun per 
year is required. A 24-hr test period should be ample to determine whether or 
not the rate of corrosion is >6.35 nnn per year. 

7.6 In order to determine accurately the amount of material lost to 
corrosion, the coupons have to be cleaned after immersion and prior to 
weighing. The cleaning procedure should remove all products of corrosion 
while removing a minimum of sound metal. Cleaning methods can be divided into 
three general categories: mechanical, chemical, and electrolytic. 

7.6.1 Mechanical cleaning includes scrubbing, scraping, brushing, 
and ultrasonic procedures. Scrubbing with a bristle brush and mild 
abrasive is the most popular of these methods. The others are used in 
cases of heavy corrosion as a first step in removing heavily encrusted 
corrosion products prior to scrubbing. Care should be taken to avoid 
removing sound metal. 

7.6.2 Chemical cleaning implies the removal of material from the 
surface of the coupon by dissolution in an appropriate solvent. Solvents 
such as acetone, dichloromethane, and alcohol are used to remove oil, 
grease, or resinous materials and are used prior to immersion to remove 
the products of corrosion. Solutions suitable for removing corrosion 
from the steel coupon are: 

Solution 

20% NaOH + 200 g/L zinc dust 

or 

Soaking Time Temperature 

5 min Boiling 

Cont. HCl + 50 g/L SnC12 + 20 g/L SbC13 Until clean Cold 
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7.6.3 Electrolytic cleaning should be preceded by scrubbing to 
remove loosely adhering corrosion products. One method of electrolytic 
cleaning that can be employed uses: 

Solution: 50 g/L H2SO4 

Anode: Carbon or lead 

Cathode: Steel coupon 

Cathode current density: 20 amp/cm2 (129 amp/in.2) 

Inhibitor: 2 cc organic inhibitor/liter 

Temperature: 74.c (165.~) 

Exposure Period: 3 min. 

NOTE: Precautions must be taken to ensure good electrical contact with 
the coupon to avoid contamination of the cleaning solution with easily 
reducible metal ions and to ensure that inhibitor decomposition has not 
occurred. Instead of a proprietary inhibitor, 0.5 g/L of either 
diorthotolyl thiourea or quinolin ethiodide can be used. 

7.7 Whatever treatment is employed to clean the coupons, its effect in 
removing sound metal should be determined by using a blank (i.e., a coupon 
that has not been exposed to the waste). The blank should be cleaned along 
with the test coupon and its waste loss subtracted from that calculated for 
the test coupons. 

7.8 After corroded specimens have been cleaned and dried, they are 
reweighed. The weight loss is employed as the principal measure of corrosion. 
Use of weight loss as a measure of corrosion requires making the assumption 
that all weight loss has been due to generalized corrosion and not localized 
pitting. In order to determine the corrosion rate for the purpose of this 
regulation, the following formula is used: 

Corrosion Rate (mnpy) = Weiql$e~:st~m~1'145 

where: weight loss is in milligrams, 
area in square centimeters, 
time in hours, and 
corrosion rate in millimeters per year (mmpy). 

8.0 QUALITY CONTROL 

8.1 All quality control data should be filed and available for auditing. 

8.2 Duplicate samples should be analyzed on a routine basis. 
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9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

1. National Associatton of Corrosion Engineers, "Laboratory Corrosion 
Testfng of Metals for the Process Industries," NACE Standard TM-01-69 (1972 
Revision), NACE, 3400 West Loop South, Houston, TX 77027. 
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METHOD 9045 

SOIL pH 

1.0 SCOPE AND APPLICATION 

1.1 Method 9045 is an electrometric procedure which has been approved 
for measuring pH in calcareous and noncalcareous soils. 

2.0 SUMMARY OF METHOD 

2.1 The soil sample is mixed either with Type II water or with a calcium 
chloride solution (see Section 5.0), depending on whether the soil is 
considered calcareous or noncalcareous. The pH of the solution is then 
measured with a pH meter. 

3.0 INTERFERENCES 

3.1 Samples with very low or very high pH may give incorrect readings on 
the meter. For samples with a true pH of >10, the measured pH may be 
incorrectly low. This error can be mtnimized by using a low-sodium-error 
electrode. Strong acid solutions, with a true pH of <l, may give incorrectly 
high pH measurements. 

3.2 Temperature fluctuations will cause measurement errors. 

3.3 Errors will occur when the electrodes become coated. If an 
electrode becomes coated with an oily material that will not rinse free, the 
electrode can either (1) be cleaned with an ultrasonic bath, or (2) be washed 
with detergent, rinsed several times with water, placed in 1:lO HCl so that 
the lower third of the electrode is submerged, and then thoroughly rinsed with 
water. 

4.0 APPARATUS AND MATERIALS 

4.1 pH Meter with means for temperature compensation. 

4.2 Electrodes: 

4.2.1 Calomel electrode. 

4.2.2 Glass electrude. 

4.2.3 A cotiination electrode can be employed instead of calomel or 
glass. \ 

4.5 Beaker: 50-mL. 
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4.6 Volumetric flask: 2-Liter. 

4.7 Volumetric flask: 1-Liter. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for 
impurities. 

5.2 Primary standard buffer salts are available from the National Bureau 
of Standards (NBS) and should be used in situations where extreme accuracy is 
necessary. Preparation of reference solutions from these salts requires some 
special precautions and handling, such as low-conductivity dilution water, 
drying ovens, and carbon-dioxide-free purge gas. These solutions should be 
replaced at least once each month. 

5.3 Secondary standard buffers may be prepared from NBS salts or 
purchased as solutions from commercial vendors. These commercially available 
solutions, which have been validated by comparison with NBS standards, are 
recommended for routine use. 

5.4 Stock calcium chloride solution (CaC12), 3.6 M: Dissolve 1059 g of 
CaCl2.2H20 in Type II water in a 2-liter volumetric flask. Cool the solution, 
dilute it to volume with Type II water, and mix it well. Dilute 20 ML of this 
solution to 1 liter with Type II water in a volumetric flask and standardize 
it by titrating a 25-ML aliquot of the diluted solution with standard 0.1 N 
AgN03, using 1 mL of 5% K2CrD4 as the indicator. 

5.5 Calcium chloride (CaC12), 0.01 M: 
to 18 liters with Type II water. 

Dilute 50 mL of stock 3.6 M CaC12 
If the pH of this solution is not between 5 

and 6.5, adjust the pH by adding a little Ca(OH)2 or HCl. As a check on the 
preparation of this,solution, measure its electrical conductivity. The speci- 
fic conductivity should be 2.32 + 0.08 mnho per cm at 25-C. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

6.2 Samples should be analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Calibration: 

7.1.1 Because of the wide variety of pH meters and accessories, 
detailed operating procedures cannot be incorporated into this method. 
Each analyst must be acquainted with the operation of each system and 
familiar with all instrument functions. Special attention to care of the 
electrodes is recommended. 
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7.1.2 Each instrument/electrode system must be calibrated at a 
minimum of two points that bracket the expected pH of the samples and are 
approximately three pH units or more apart. Repeat adjustments on 
successive portions of the two buffer solutions until readings are within 
0.05 pH units of the buffer solution value. 

7.2 Sample preparation and pH measurement of noncalcareous soils: 

7.2.1 To 20 g of soil in a 50-mL beaker, add 20 mL of Type II water 
and stir the suspension several times during the next 30 min. 

7.2.2 Let the soil suspension stand for about 1 hr to allow most of 
the suspended clay to settle out from the suspension. 

7.2.3 Adjust the electrodes in the clamps of the electrode holder 
so that, upon lowering the electrodes into the beaker, the glass 
electrode will be isnnersed just deep enough into the clear supernatant 
solution to establish a good electrical contact through the ground-glass 
joint or the fiber-capillary hole. Insert the electrodes into the sample 
solution in this manner. For combination electrodes, immerse just below 
the suspension. 

7.2.4 If the sample temperature differs by more than 2-C from the 
buffer solution, the measured pH values must be corrected. 

7.2.5 Report the results as "soil pH measured in water." 

7.3 Sample preparation and pH measurement of calcareous soils: 

(Step 
7.3.1 To 10 g of soil in a 50-ML beaker, add 20 mL of 0.01 M CaC12 

5.5) solution and stir the suspension several times during the next 
30 min. 

7.3.2 Let the soil suspension stand for about 30 min to allow most. 
of the suspended clay to settle out from the suspension. 

7.3.3 Adjust the electrodes in the clamps of the electrode holder 
so that, upon lowering the electrodes into the beaker, the glass 
electrode will be issnersed well into the partly settled suspension and 
the calomel electrode will be immersed just deep enough into the clear 
supernatant solution to establish a good electrical contact through the 
ground-glass joint or the fiber-capillary hole. Insert the electrode 
into the sample solution in this manner. 

7.3.4 If the sample temperature differs by more than 2'C from the 
buffer solution, the measured pH values must be corrected. 

7.3.5 Report the results as 'soil pH measured in 0.01 M CaC12'. 
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8.0 QUALITY CONTROL 

8.1 Duplicate samples and check standards should be analyzed routinely. 

8.2 Electrodes must be thoroughly rinsed between samples. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None required. 
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I I 

METHOD 7060 

ARSENIC (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7060 is an atomic absorption procedure approved for 
determining the concentration of arsenic in wastes, mobility procedure 
extracts, soils, and ground water. All samples must be subjected to an 
appropriate dissolution step prior to analysis. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis by Method 7060, samples must be prepared in order 
to convert organic forms of arsenic to inorganic forms, to minimize organic 
interferences, and to convert the sample to a suitable solution for analysis. 
The sample preparation procedure varies. depending on the sample matrix. 
Aqueous samples are subjected to the acid digestion procedure described in 
this method. Sludge samples are prepared using the procedure described in 
Method 3050. 

2.2 Following the appropriate dissolution of the sample, a 
representative aliquot of the digestate is spiked with a nickel nitrate 
solution and is placed manually or by means of an automatic sampler into a 
graphite tube furnace. The sample aliquot is then slowly evaporated to 
dryness, charred (ashed), and atomized. The absorption of hollow cathode or 
EDL radiation during atomization will be proportion&l to the arsenic 
concentration. 

2.3 The typical detection limit for this method is 1 ug/L. 

3.0 INTERFERENCES 

3.1 Elemental arsenic and many of its compounds are volatile: therefore, 
samples may be subject to losses of arsenic during sample preparation. Spike 
samples and relevant standard reference materials should be processed to 
determine if the chosen dissolution method is appropriate. 

3.2 Likewise, caution must be employed during the selection of 
temperature and times for the dry and char (ash) cycles. A nickel nitrate 
solution must be added to all digestates prior to analysis to minimize 
volatilization losses during drying and ashing. 

3.3 In addition to the normal interferences experienced during graphite 
furnace analysis, arsenic analysis can suffer from severe nonspecific 
absorption and light scattering caused by matrix components during 
atomization. Arsenic analysis is particularly susceptible to these problems 
because of its low analytical wavelength (193.7 nm). Simultaneous background 
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correction must be employed 
severe positive interferent 
arc background correction. 
this situation. 

to avoid erroneously high results. Aluminum is a 
in the analysis of arsenic, especially using D2 
Zeeman background correction is very useful in 

3.4 If the analyte is not completely volatilized and removed from the 
furnace during atomization, memory effects will occur. If this situation is _._ ., 
detected by means of blank burns, the tube should be cleaned by operating the 
furnace at full power at regular intervals in the analytical scheme. 

4.0 APPARATUS AND MATERIALS 

4.1 Griffin beaker: 250 ML. 

4.2 Volumetric flasks: lo-ML. 

4.3 Atomic absorption spectrophotometer: 
single- or double-beam instrument 

Single or dual channel, 
having a grating monochromator, photo- 

multiplier detector, adjustable slits, a wavelength range of 190 to 800 nm, 
and provisions for simultaneous background correction and interfacing with a 
strip-chart recorder. 

4.4 Arsenic hollow cathode lamp. or electrodeless discharge lamp (EDL): 
EDLs provide better sensitivity for arsenic analysis. 

4.5 Graphite furnace: Any graphite .furnace device with the appropriate 
temperature and timing controls. 

4.6 Strip-chart recorder: A recorder is strongly recosxnended for 
furnace work so that there will be a permanent record and so that any problems 
with the analysis such as drift, incomplete atomization, losses during 
charring, changes in sensitivity, etc., can easily be recognized. 

4.7 Pipets: Microliter with disposable tips. Sizes can range from 
5 to 1,000 uL, as required. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for 
impurities. 

5.2 Concentrated nitric acid: 
levels of 7mpurities. 

Acid should be analyzed to determine 
If a method blank using the acid is <MDL, the acid can 

be used. 

5.3. Hydrogen peroxide (30%): 
levels of Tmpurities. 

Oxidant should be analyzed to determine 

be used. 
If a method blank using the H202 is <MDL, the acid can 
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5.4 Arsenic standard stock solution (1,000 mg/L): Either procure a 
certified aqueous standard from a supplier and verify by cason with a 
second standard, x dissolve 1.320 g of arsenic trioxide (As 0 

? 1' 
analytical 

reagent grade) or equivalent in 100 mL of Type II water conta n ng 4 g NaOH. 
Acidify the solution with 20 mL concentrated HND3 and dilute to 1 liter 
(1 ML’= 1 mg As). 

5.5 Nickel nitrate solution (5%): Dissolve 24.780 g of ACS reagent 
grade Ni(N03)2*6H20 or equivalent in Type II water and dilute to 100 mL. 

5.6 Nickel nitrate solution (1%): Dilute 20 mL of the 5% nickel nitrate 
to 100 ML with Type II water. 

5.7 Arsenic working standards: Prepare dilutions of the stock solution 
to be used as calibration standards at the time of the analysis. Withdraw 
appropriate aliquots of the stock solution, add 1 mL of concentrated HN03, 
2 mL of 30% H202, and 2 mL of the 5% nickel nitrate solution. Dilute to 
100 mL with Type II water. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 All sample containers must be prewashed with detergents, acids, and 
Type II water. Plastic and glass containers are both suitable. 

6.3 Special containers (e.g., containers used for volatile organic 
analysis) may have to be used if very volatile arsenic compounds are to be 
analyzed. 

6.4 Aqueous samples must be acidified to a pH of <2 with nitric acid. 

6.5 Nonaqueous samples shall be refrigerated, when possible, and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample preparation: Aqueous samples should be prepared in the 
manner described in Paragraphs 7.1.1-7.1.3. Sludge-type samples should be 
prepared according to Method 3050. The applicability of a sample-preparation 
technique to a new matrix type must be deskonstrated by analyzing spiked 
samples and/or relevant standard reference materials. 

7.1.1 Transfer 100 mL of well-mixed sample to a 250-mL Griffin 
beaker; add 2 mL of 30% H 02 and sufficient concentrated HND3 to result 
in an acid concentration o ') 1% (v/v). Heat for 1 hr at 95'C or until the 
volume is slightly less than 50 mL. 

7.1.2 Cool and bring back to 50 mL with Type II water. 
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7.1.3 Pipet 5 mL of this digested solution into a TO-mL volumetric 
flask, add 1 mL of the 1% nickel nitrate solution, and dilute to 10 mL 
with Type II water. The sample is now ready for injection into the 
furnace. 

7.2 The 193.7-nm wavelength line and a background correction system are 
required. Follow the manufacturer's suggestions for all other spectrophoto- 
meter parameters. 

7.3 Furnace p;;~;;:rs suggested by the manufacturer should be employed 
as guidelines. temperature-sensing mechanisms and temperature 
controllers can vary between instruments or with time, the validity of the 
furnace parameters must be periodically confirmed by systematically altering 
the furnace parameters while analyzing a standard. In this manner, losses of 
analyte due to overly high temperature settings or losses in sensitivity due 
to less than optimum settlngs can be minimized. Similar verification of 
furnace parameters may be required for complex sample matrices. 

7.4 Inject a measured microliter aliquot of sample into the furnace and 
atomize. If the concentration found is greater than the highest standard, the 
sample should be diluted in the same acid matrix and reanalyzed. The use of 
multiple injections can improve accuracy and help detect furnace pipetting 
errors. 

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting 
petition, and all samples that suffer from matrix interferences by the method 
of standard additions. 

7.6 Run a check standard after every 10 injections of samples. 
;:;;dards are run in part to monitor the life and performance of the graphite 

. Lack of reproducibility or significant change in the signal for the 
standard indicates that the tube should be replaced. 

7.7 Calculate metal concentrations by (1) the method of standard 
additions, or (2) from a calibration curve, or (3) directly from the 
instrument's concentration readout. All dilution or concentration factors 
must be taken into account. Concentrations reported for multiphased samples 
must be appropriately qualified (e.g., 5 ug/g aqueous phase). 

7.8 Duplicates, spiked samples, and check standards should be routinely 
analyzed. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Calibration curves must be composed of a minimum of a blank and 
three standards. A calibration curve should be made for every hour of 
continuous sample analysis. 
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8.3 Dilute samples if they are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.5 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplicate sample for every 20 samples. A duplicate 
sample is a sample brought through the whole sample preparation and analytical 
process. 

8.7 The method of standard additions (see Method 7000, Section 8.7) 
shall be used for the analysis of all EP extracts, on all analyses submitted 
as part of a delisting petition, and whenever a new sample matrix is being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 206.2 of Methods 
for Chemical Analysis of Water and Wastes. 

9.2 The optimal concentration range for this method is 5-100 ug/L. 

9.3 The data shown in Table 1 were obtained from records of state and 
contractor laboratories. The data are intended to show the precision of the 
combined sample preparation and analysis method. 

10.0 REFERENCES 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 206.2. 

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sample Preparation 
Matrix Method 

Laboratory 
Replicates 

Contaminated soil 3050 

Oily soil 3050 

NBS SRM 1646 Estuarine sediment 3050 

Emission control dust 3050 

aBias of -30 and -28% from expected, respectively. 

2.0, 1.8 ug/g 

3.3, 3.8 ug/g 

8.1, 8.33 ug/ga 

430, 350 ug/g 
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I I 

METHOD 7080 

BARIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 ,See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 High hollow cathode current settings and a narrow spectral band pass 
must be used, because both barium and calcium emit strongly at barium's 
analytical wavelength. 

3.3 Barium undergoes significant ionization in the nitrous oxide/ 
acetylene flame, resulting in a significant decrease in sensitivity. All 
samples and standards must contain 2 mL of the KC1 ionizatlon suppressant 
(Section 5.2.3 below) per 100 mL of solution. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Barium hollow cathode larp. 
44.22.: kITlength: 553.6 nm. 

: Acetylene. 
41214 Oxidant: Nitrous oxide. 
4.2.5 Type of flame: Fuel rich. 
4.2.6 Background correction: Not required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve I.7787 g barium chloride 
(BaC12.2H20, analytical reagent grade in Type II water and dilute to 
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1 liter. Alternatively, procure a certified standard from a supplier and 
verify by comparison with a second standard. 

5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analYSlS. The calibration standards 
should be prepared using the same type of acid and at the same 
concentration as will result in the sample to be analyzed after 
processing. All calibration standards and samples should contain 
2 mL/IOO mL of the potassium chloride (ionlzatlon suppressant) solution 
described in Section 5.2.3. 

5.2.3 Potassium chloride solution: Dissolve 95 g potassium 
chloride (KCl) in Type II water and dilute to 1 liter. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 .METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: l-20 mg/L with a wavelength of 553.6 nm. 
Sensitivity: 0.4 mg/L. 
Detection limit: 0.1 mg/L. 

9.2 In a single laboratory, analysis of a mixed industrial-domestic 
waste effluent, digested with Method 3010, at concentrations of 0.4 and 2 mg 
Ba/L gave standard deviations of +0.043 and 20.13, respectively. Recoveries 
at these levels.were 94% and 113X, respectively. 

10.0 REFERENCES 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 208.1. 
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I I 

METHOD 7130 

CADMIUM (ATOMIC ABSORPTION. DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Nonspecific absorption and light scattering can be significant at 
the analytical wavelength. Thus background correction is required. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Cadmlro holly2$ho$ laq. 
t.',.; ;au:flength: 

: Acetylene: * 
41214 Oxidant: Air. 
4.2.5 Type of flame: Oxldlzlng (fuel lean). 
4.2.6 Background correction: Required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve 1.000 g cadmium metal (analytical 
reagent grade) in 20 mL of 1:l HN03 and dilute to 1 llter with Type II 
water. Alternatively, procure a certified standard from a supplier and 
verify by comparison with a second standard. 

5.2.2 Prepare dilutions of the stock solution to be used as call- 
bration standards at the time of analysis. The calibration standards 
should be prepared using the same type of acid and at the same 
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concentration as will result in the sample to be analyzed after 
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: 0.05-2 mg/L with a wavelength of 228.8 nm. 
Sensitivity: 0.025 mg/L. 
Detection limit: 0.005 IQ/L. 

9.2 For concentrations of cadmium below 0.02 mg/L, the furnace procedure 
(Method 7131) is recossnended. 

9.3 Precision and accuracy data are available in Method 213.1 of Methods 
for Chemical Analysis of Water and Wastes. 

9.4 The data shown in Table 1 were obtained from records of state and 
contractor laboratories. The data are intended to show the precision of the 
combined sample preparation and analysis method. 

10.0 REFERENCES 

Methods for Chemical 
i&ember 1982, Method 213.1. 

Analysis of Water and Wastes, EPA-600/4-82-055, 

Gasklll A Compilation and Evaluation of RCRA Method Performance Data, 
&rk Assignm;nt'No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORIUNCE DATA 

Sample PreparaHon 
Matrix Method 

Laboratory 
Replicates 

Emission control dust 3050 2,770, 1,590 ug/g 

Wastewater treatment sludge 3050 12,000, 13,000 ug/g 
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I I 

METHOD 9252 

CHLORIDE (TITRIMETRIC, MERCURIC NITRATE) 

1.0 SCOPE AND APPLICATION 

1.1 This method is applicable to ground water, drinking, surface, and 
saline waters, and domestic and industrial wastes. 

1.2 The method is suitable for all concentration ranges of chloride 
content; however, in order to avoid large titration volume, a sample allquot 
containing not more than 10 to 20 mg Cl per 50 mL is used. 

1.3 Automated titration may be used. 

2.0 SUMMARY OF METHOD 

2.1 An acidified sample is titrated with 
presence of mixed dlphenylcarbazone-bromophenol blue 
of the titration is the formation of the blue-violet 
complex. 

3.0 INTERFERENCES 

mercuric nitrate in the 
indicator. The end point 
mercury diphenylcarbazone 

3.1 Anions and cations at concentrations normally found in surface 
waters do not interfere. However, at the higher concentration often found in 
certain wastes, problems may occur. 

3.2 Sulfite interference can be eliminated by oxldlzing the 50 mL of 
sample solution with 0.5-l mL of H202. 

4.0 APPARATUS AND MATERIALS 

4.1 Standard laboratory tltrlmetrlc equipment, including 1-mL or 5-mL 
microburet with O.Ol-mL gradations. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for 
impurities. 

5.2 Standard sodium chloride solution, 0.025 N: Dissolve 1.4613 g + 
0.0002 g of sodium chloride (dried at 6OO'C for 1 hr) in chloride-free water 
in a 1-llter volumetric flask and dilute to the mark. 

5.3 Nitric acid (HN03) solution: Add 3.0 mL concentrated nitric acid to 
997 mL of Type II water ("3 +997'lutlon). 
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5.4 Sodium hydroxide (NaOH) solution (10 g/L): Dissolve approximately 
lo g of NaOH in Type II water and dilute0 1 L. 

5.5 Hydrogen peroxide (H202): 30%. 

5.6 Hydroqulnone solution (10 g/L): Dissolve 1 g of purified 
hydroquinone in water in a lOO-mL volumetric flask and dilute to the mark. 

5.7 Mercuric nitrate tltrant (0.141 N): Dissolve 24.2 g Hg(N03)2-H 0 in 
900 mL of Type II water acidified with 5.0 mL concentrated HN03 in a I- ? lter 
volumetric flask and dilute to the mark with Type II water. Filter, if 
necessary. Standardlze against standard sodium chloride solution (Paragraph 
5.2) using the procedures outlined in Section 7.0. Adjust to exactly 0.141 N 
and check. Store in a dark bottle. A 1.00~mL allquot is equivalent to 5.00 
mg of chloride. 

5.8 Mercuric nitrate tltrant (0.025 N): Dissolve 4.2830 g Hg(NO3)2.H20 
in 50 mL of Type II water acidified with 0.05 mL of concentrated HN03 
if~;~~:; 1.42) in a 1-llter volumetric flask and dilute to the mark with Type 

Filter, if necessary. Standardize against standard sodium chloride 
solution'(Paragraph 5.2) using the procedures outlined in Section 7.0. Adjust 
to exactly 0.025 N and check. Store in a dark bottle. 

5.9 Mercuric nitrate titrant (0.0141 N): 
(NO3) 

Dissolve 2.4200 g Hg 

HN03 f 
eH20 in 25 mL of Type II water acidified with 0.25 mL of concentrated 
sp. gr. 1.42) in a 1-llter volumetric flask and dilute to the mark with 

Type II water. Filter, if necessary. Standardlze against standard sodium 
chloride solution (Paragraph 5.2) using the procedures outlined in Section 
7.0. Adjust to exactly 0.0141 N and check. Store in a dark bottle, A 1-mL 
allquot is equivalent to 500 ug of chloride. 

5.10 Mixed indicator reagent: Dissolve 0.5 g crystalline diphenylcar- 
bazone and 0.05 g bromophenol blue powder in 75 mL 95% ethanol in a lOO-mL 
volumetric flask and dilute to the mark with 95% ethanol. Store in brown 
bottle and discard after 6 mo. 

5.11 Alphazurine indicator solution: Dissolve 0.005 g of alphazurlne 
blue-green dye in 95% ethanol or isopropanol in lOO-mL volumetric flask and 
dilute to the mark with 95% ethanol or isopropanol. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 There~ are no special requirements for preservation. 
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I I 

7.0 PROCEDURE 

7.1 Place 50 mL of sample in a vessel for titration. If the 
concentration is greater than 20 mg/L chloride, use 0.141 N mercuric nitrate 
titrant (Paragraph 5.7) in Step 7.6, or dilute sample with Type II water. If 
the concentration is less than 2.5 mg/L of chloride, use 0.0141 N mercuric 
nitrate tltrant (Paragraph 5.9) in step 7.6. Using a 1-mL or 5-mL mlcroburet, 
determine an indicator blank on 50 mL chloride-free water using step 7.6. If 
the concentration is less than 0.1 mg/L of chloride, concentrate an 
appropriate volume to 50 mL. 

7.2 Add 5 to 10 drops of mixed indicator reagent (Paragraph 5.10); shake 
or swirl solution. 

7.3 If a blue-violet or red color appears, add HN03 solution (Paragraph 
5.3) dropwlse until the color changes to yellow. 

7.4 If a yellow or orange color forms imnedlately on addition of the 
mixed indicator, add NaOH solution 5.3 

t 1 
dropwlse until the color changes to 

blue-violet; then add HN03 solution 5.2 dropwlse until the color changes to 
yellow. 

7.5 Add 1 mL excess HN03 solution (5.2). 

7.6 Titrate with 0.025 N mercuric nitrate tltrant (5.8) until a blue- 
violet color persists throughout the solution. If volume of tltrant exceeds 
10 q L or is less than 1 mL, use the 0.141 N or 0.0141 N mercuric nitrate 
solutions, respectively. If necessary, take a small sample allquot. 
Alphazurine indicator solution (Paragraph 5.11) may be added with the 
indicator to sharpen the end point. This will change color shades. Practice 
runs should be made. 

7.6.1 If chromate is present at <100 mg/L and iron is not present, 
add 5-10 drops of alphazurlne indicator solution (Paragraph 5.11) and 
acidify to a pH of 3 (indicating paper). End point will then be an 
olive-purple color. 

7.6.2 If chromate is present at >100 mg/L and iron is not present, 
add 2 mL of fresh hydroqulnone solution (Paragraph 5.6). 

7.6.3 If ferric iron is present use a volume cont.alnlng no more 
than 2.5 mg of ferric ion or ferric ion plus chromate ion. Add 2 mL 
fresh hydroqulnone solution (Paragraph 5.6). 

7.6.4 If sulflte ion is present, add 0.5 mL of H202 solution (5.5) 
to 50-mL sample and mix for 1 min. 
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7.7 Calculation: 

mg chlorlde/llter = %i%!%p 

where: 

A = mL titrant for sample; 

B = mL tltrant for blank: and 

N = normality of mercuric nitrate titrant. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Employ a minimum of one blank per sample batch to determine if 
contamination has occurred. 

8.3 Analyze check standards after approximately every 15 samples. 

8.4 Run one duplicate sample for every 10 samples. A,dupllcate sample 
Is a sample brought through the whole sample preparation and analytical 
process. 

8.5 Spiked samples or standard reference materials shall be periodically 
employed to ensure that correct procedures are being followed and that all 
equipment is operating properly. 

9.0~ METHOD PERFORMANCE 

9.1 Forty-two analysts in eighteen laboratories analyzed synthetic water 
samples containing exact increments of chloride, with the following results: 

Increment as Precision as 
Chloride Standard Deviation riiF%k 

h/L) h/L) (%I (w/L) 

_.-- 
1.32 t3.50 t&i 
2.92 to.11 to.1 
3.16 -0.51 -0.5 

11.70 -0.61 -2.3 
11.80 -1.19 -4.7 
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9.2 In a single laboratory, using surface water samples at an average 
concentration of 34 mg Cl/L, the standard deviation was 21.0. 

9.3 A synthetic unknown sample containing 241 mg/L chloride, 108 mg/L 
Ca, 82 mg/L Mg, 3.1 mg/L K, 19.9 mg/L Na, 1.1 mg/L nitrate N, 0.25 mg/L 
nitrate N, 259 mg/L sulfate and 42.5 mg/L total alkalinity (contributed by 
NaHC03) in Type II water was analyzed in 10 laboratories by the mercurimetrlc 
method, with a relative standard deviation of 3.3% and a relative error of 
2.9%. 

10.0 REFERENCES 

Annual Book of ASTM Standards, Part 31, "Water," Standard 0512-67, Method 
:; p. 270 (1976). 

2. Standard Methods for the Examination of Water and Wastewater, 15th ed., 
(1980). 

U.S. Environmental Protection Agency Methods for Chemical Analysis of 
&ter and Wastes, EPA 600/4-79-020 (1983),'Method 325.3. 
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METHOD 7191 

CHROMIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Low concentrations of calcium and/or phosphate may cause 
interferences; at concentrations above 200 mg/L, calcium's effect is constant 
and eliminates the effect of phosphate. Calcium nitrate is therefore added to 
ensure a known constant effect. 

3.3 Nitrogen should not be used asp the purge gas because of a possible 
CN band interference. 

3.4 Background correction may be required because nonspecific absorption 
and scattering can be significant at the analytical wavelength. Background 
correction with certain instruments may be difficult at this wavelength due to 
low-intensity output from hydrogen or deuterium lamps. Consult the specific 
instrument manufacturer's literature for details. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Drying tlr and tq: 30 set at 125'C. 
4.2.2 Ashing tla and teq: 30 set at 1OOO'C. 
4.2.3 Atomizlng time and tnp: 10 set at 27OO.C. 
4.2.4 Purge gas: Argon (nitrogen should not be used). 
4.2.5 Wavelength: 357.9 nm. 
4.2.6 Background correction: Not required. 
4.2.7 Other operating parameters should be set as specified by the 

particular instrument manufacturer. 
NOTE: The above concentration values and instrument condittons are for a 

Perkin-Elmer HGA-2100, based on the use of a 20-UL injection, 
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continuous-flow purge gas, and nonpyrolytic graphite. Smaller 
sizes of furnace devices or those employing faster rates of 
atomization can be operated using lower atomization temperatures 
for shorter time periods than the above-reconauended settings. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve 1.923 g of chromium trioxide (0-03, 
analytical reagent grade) in Type II water, acidify with redistilled 
HN03, and dilute to 1 liter. Alternatively, procure a certified standard 
from a supplier and verify by comparison with a second standard. 

5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. These standards should be 
prepared to contain 0.5% (v/v) HN03; 1 mL of 30X H202 and 1 mL of calcium 
nitrate solution, Section 5.2.3, may be added to lessen interferences 
(see Section 3.0). 

5.2.3 Calcium nitrate solutlon: Dissolve. 11.8 g of calcium 
nitrate, Ca(N03)2*4H20 (analytical reagent grade), in Type II water and 
dilute to 1 liter. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation 
is given in Method 7000, Paragraph 7.4. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 218.2 of Methods 
for Chemical Analysis of Water and Wastes. 
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9.2 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: 5-100 ug/L. 
Detection limit: 1 ug/L. 

9.3 The data shown in Table 1 were obtained from records of state and 
contractor laboratories. The data are intended to show the precision of the 
combined sample preparation and analysis method. 

10.0 REFERENCES 

Methods for Chemical 
i&ember 1982, Method 218.2. 

Analysis of Water and Wastes, EPA-600/4-82-055, 

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sample Preparation 
Matrix Method 

Laboratory 
,Replicates 

Paint primer 3050 2.7, 2.8 mglg 

Contaminated soil 3050 12.0, 12.3 ug/g 

Oily lagoon soil 3050 69.6, 70.3 ug/g 

NBS SRM 1646 Estuarine sediment 3050 42, 47 uglga 

EPA QC Sludge 3050 156 ug/gb 

NBS SRM 1085, Wear Metals in 
lubricating oil 3050 311, 356 ug/gc 

aBias of -45 and -38% from expected, respectively. 

bBias of -24% from expected. 

CBias of +4 and +19X from expected, respectively. 
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METHOD 7210 

COPPER (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000. 

3.2 Background correction may be required because nonspecific absorption 
and scattering can be significant at the analytical wavelength. Background 
correction with certain instruments may be difficult at this wavelength due to 
low-intensity output from hydrogen or deuterium lamps. Consult specific 
instrument manufacturer's literature for details. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Copper hollow cathode laq. 
4.2.2 Wavelength: 324.7 nm. 
4.2.3 Fuel: Acetylene. 
4.2.4 Oxidant: Air. 
4.2.5 Type of flm: Oxidizing (fuel lean). 
4.2.6 Background cornctlon: Recossnended, if possible. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve 1.00 g of electrolytic copper 
(analytical reagent grade) in 5 mL of redistilled HN03 and dilute to 
1 liter with Type II water. Alternatively, procure a certified standard 
from a supplier and verify by comparison with a second standard. 
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5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The calibration standards 
should be prepared using the same type of acid and at the same concentra- 
tion as will result in the sample to be, analyzed after processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given i-Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: 0.2-5 mg/L with a wavelength of 324.7 nm. 
Sensitivity: 0.1 mg/L. 
Detection limit: 0.02 mg/L. 

9.2 Precision and accuracy data are available in Method 220.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

Methods for Chemical 
ilcember 1982, Method 220.1. 

Analysis of Water and Wastes, EPA-600/4-82-055, 
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METHOD 7380 

IRON (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Iron is a universal contaminant, and great care should be taken to 
avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 

4.2 

For basic apparatus, see Section 4.0 of Method 7000. 

Instrument parameters (general): 

4.2.1 
4.2.2 

4.2.3 
4.2.4 
4.2.5 
4.2.6 

Iron hollow cathode lanp. 
Yavel.ength: 248.3 nm (primary): 248.8, 271.9, 302.1, 252.7, 
or 372.0 nm (alternates). 
Fuel: Acetylene. 
Oxidant: Air. 
Type of flame: Oxidizing (fuel lean). 
Background correctlon: Required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solutlon: 
reagent grade) in 

Dissolve 1.000 g iron wire (analytical 

1 liter with Type 
10 mL redistilled HN03 and Type II water and dilute to 
II water. Note that iron passivates in concentrated 

HN03, and thus-some water should be present. Alternatively, procure a 
certified standard from a supplier and verify by comparison with a second 
standard. 
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5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The calibration standards 
should be prepared using the same type of acid and at the same 
concentration as will result in the sample to be analyzed after 
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: 0.3-5 mg/L with a wavelength of 248.3 nm. 
Sensitivity: 0.12 mg/L. 
Detectton limit: 0.03 lag/L. 

9.2 Precision and accuracy data are available in Method 236.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

Methods for Chemical 
l&ember 1982, Method 236.1. 

Analysis of Water and Wastes, EPA-600/4-82-055, 
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METHOD 7470 

MERCURY IN LIQUID WASTE (MANUAL COLD-VAPOR TECHNIQUE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 7470 is a cold-vapor atomic absorption procedure approved for 
determining the concentration of mercury in mobility-procedure extracts, aque- 
ous wastes, and ground waters. (Method 7470 can also be used for analyzing 
certain solid and sludge-type wastes: however, Method 7471 is usually the 
method of choice for these waste types.) All samples must be subjected to an 
appropriate dissolution step prior to analysis. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis, the liquid samples must be prepared according to 
the procedure discussed in this method. 

2.2 Method 7470, a cold-vapor atomic absorption technique, is based on 
the absorption of radiation at 253.7-nm by mercury vapor. The mercury is 
reduced to the elemental state and aerated from solution in a closed system. 
The mercury vapor passes through a cell positioned in the light path of an 
atomic absorption spectrophotometer. Absorbance (peak height) is measured as 
a function of mercury concentration. 

2.3 The typical detection limit for this method is 0.0002 mg/L. 

3.0 INTERFERENCES 

3.1 Potassium permanganate is added to eliminate possible interference 
from sulfide. Concentrations as high as 20 mg/L of sulfide as sodium sulfide 
do not interfere with the recovery of added inorganic mercury from Type II 
water. 

3.2 Copper has also been reported to interfere; however, copper concen- 
trations as high as 10 mg/L had no effect on recovery of mercury from spiked 
samples. 

3.3 Seawaters, brines, and industrial effluents high in chlorides 
require additional pennanganate (as much as 25 mL) because, during the 
oxidation step, chlorides are converted to free chlorine, which also absorbs 
radiation of 253.7 nm. Care must therefore be taken to ensure that free 
chlorine is absent before the mercury is reduced and swept into the cell. 
This may be accomplished by using an excess of hydroxylamine sulfate reagent 
(25 mL). In addttion, the dead air space in the BOO bottle must be purged 
before adding stannous sulfate. Both inorganic and organic mercury spikes 
have been quantitatively recovered from seawater by using this technique. 
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3.4 Certain volatile organic materials that absorb at this wavelength 
may also cause interference. A preliminary run without reagents should 
determine if this type of interference is present. 

4.0 APPARATUS AND MATERIALS 

4.1 Atomic absorption spectrophotometer or equivalent: Any atomic 
absorption unit with an open sample presentation area in which to mount the 
absorption cell is suitable. Instrument settings reconsnended by the partic- 
ular manufacturer should be followed. Instruments designed specifically for 
the measurement of mercury using the cold-vapor technique are commercially 
available and may be substituted for the atomic absorption spectrophotometer. 

4.2 Mercury hollow cathode lamp or electrodeless discharge lamp. 

4.3 Recorder: 
with the U-ion 

Any multirange variable-speed recorder that is compatible 
system is suitable. 

4.4 Absorption cell: Standard spectrophotometer cells 10 cm long with 
quartz end windows may be used. Suitable cells may be constructed from 
Plexiglas tubing, 1 in. 0.0. x 4.5 in. The ends are ground perpendicular to 
the longitudinal axis, and quartz windows (1 in. diameter x l/16 in. 
thickness) are cemented in place. The cell is strapped to a burner for 
support and aligned in the light beam by use of two 2-in. x 2-in. cards. One- 
tn.-diameter holes are cut in the middle of each card. The cards are then 
placed over each end of the cell. The cell is then positioned and adjusted 
vertically and horizontally to give the maximum transmittance. 

4.5 Air u 
air/min may e used. +: 

Any peristaltic pump capable of delivering 1 liter 
A Masterflex pump with electronic speed control has been 

found to be satisfactory. 

4.6 Flowmeter: Capable of measuring an air flow of 1 liter/min. 

4.7 Aeration tubing: A straight glass frit with a coarse porosity. 
Tygon tubing is used for passage of the mercury vapor from the sample bottle 
to the absorption cell and return. 

4.8 Drying tube: 6-in. x 3/4-tn.-diameter tube containing 20 g of mag- 
nesium perchlorate or a small reading lamp with 60-W bulb which may be used to 
prevent condensation of moisture inside the cell. The lamp should be posi- 
tioned to shine on the absorption cell so that the air temperature in the cell 
is about 1O'C above ambient. 

4.9 The cold-vapor generator is assembled as shown in Figure 1. 

4.9.1 The apparatus shown in Figure 1 is a closed system. An open 
system, where the mercury vapor is passed through the absorption cell 
only once, may be used instead of the closed system. 
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4.9.2 Because mercury vapor is toxic, precaution must be taken to 
avoid its inhalation. Therefore, a bypass has been included in the 
system either to vent the mercury vapor into an exhaust hood or to pass 
the vapor through some absorbing medium, such as: 

:: 
Equal volumes of 0.1 M KMn04 and 10% H2SO4; or 
0.25% Iodine in a 3% KI solution. 

A specially treated charcoal that will adsorb mercury vapor is also 
available from Barnebey and Cheney, East 8th Avenue and North Cassidy 
Street, Columbus, Ohio 43219, Cat. 1580-13 or X580-22. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for 
impurities. 

5.2 Sulfuric acid (H2SO4), concentrated: Reagent grade. 

5.3 Sulfuric acid, 0.5 N: Dilute 14.0 mL of concentrated sulfuric acid 
to 1.0 liter., 

5;te;:tric acid (HN03), concentrated: Reagent grade of low mercury 
If a liigh reagent blank is obtained, it may be necessary to 

distill'the nitric acid. 

5.5 Stannous sulfate: Add 25 g stannous sulfate to 250 mL of 0.5 N 
H2SO4. This mixture is a suspension and should be stirred continuously 
during use. (Stannous chloride may be used in place of stannous 
sulfate.) 

5.6 Sodium chloride-hydroxylamine sulfate solution: Dissolve 12 g of 
sodium chloride and 12 g of hydroxylamine sulfate in Type II water and 
dilute to 100 mL. (Hydroxylamine hydrochloride may be used in place of 
hydroxylamine sulfate.) 

5.7 Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 
5 g of potassium permanganate in 100 mL of Type II water. 

5.8 Potassium persulfate, 5% solution (w/v): 
persulfate in 100 ml of Type II water. 

Dissolve 5 g of potassium 

5.9 Stock mercury solution: Dissolve 0.1354 g of mercuric chloride in 
75 mL of Type II water. Add 10 mL of concentrated HN03 and adjust the 
volume to 100.0 mL (1 mL = 1 mg Hg). 

5.10 Mercury working standard: Make successive dilutions of the stock 
mercury solution to obtain a working standard containing 0.1 g per mL. 
This working standard and the dilutions of the stock mercury solution 
should be prepared fresh daily. Acidity of the working standard should 
be maintained at 0.15% nitric acid. This acid should be added to the 
flask, as needed, before addition of the aliquot. 

7470 - 4 
Revision 
Date Septembet 1986 



/ 1 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 All sample containers must be prewashed with detergents, acids, and 
Type II water. Plastic and glass containers are both suitable. 

6.3 Aqueous samples must be acidified to a pH <2 with HN03. The 
suggested maximum holding times for these samples are 38 days in glass 
containers and 13 days in plastic containers. 

6.4 Nonaqueous samples shall be refrigerated, when possible, and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample preparation: Transfer 100 mL, or an aliquot diluted to 
100 mL, containing <l.O g of mercury, to a 300-mL BOD bottle. Add 5 mL of 
H SO4 and 2.5 mL of concentrated HNO3, mixing after each addition. Add 15 mL 
o f potassium permanganate solution to each sample bottle. Sewage samples may 
require additional permanganate. Ensure that equal amounts of permanganate 
are added to standards and blanks. Shake and add additional portions of 
potassium permanganate solution, if necessary, until the purple color persists 
for at least 15 min. Add 8 mL of potassium persulfate to each bottle and heat 
for 2 hr in a water bath maintained at 95'C. Cool and add 6 mL of sodium 
chloride-hydroxylamine sulfate to reduce the excess pennanganate. After a 
delay of at least 30 set, add 5 mL of stannous sulfate, imnediately attach the 
bottle to the aeration apparatus, and continue as described in Paragraph 7.3. 

7.2 Standard preparation: Transfer 0-, 0.5-, l.O-, 2.0-, 5.0-, and 
lO.O-mL aliquots of the mercury working standard, containing O-l.0 ug of 
mercury, to a series of 300-mL BOD bottles. Add enough Type II water to each 
bottle to make a total volume of 100 mL. Mix thoroughly and add 5 mL of 
concentrated H SO4 and 2.5 mL of concentrated HN03 to each bottle. Add 15 mL 
of KM04 solut on to each bottle and allow to stand at least 15 min. Add 8 mL 'i 
of potassium persulfate to each bottle and heat for 2 hr in a water bath 
maintained at 95'C. Cool and add 6 mL of sodium chloride-hydroxylamine 
sulfate solution to reduce the excess petmanganate. When the solution has 
been decolorized, wait 30 set, add 5 mL of the stannous sulfate solution, 
immediately attach the bottle to the aeration apparatus, and continue as 
described in Paragraph 7.3. 

7.3 Analysis: At this point the sample is allowed to stand quietly 
without manual agi'tation. The circulating pump, which has previously been 
adjusted to a rate of 1 liter/min, is allowed to run continuously. The 
absorbance will increase and reach a maximum within 30 sec. As soon as the 
recorder pen levels off (approximately 1 min), open the bypass valve and 
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continue the aeration until the absorbance returns to its mfnfmum valve. 
Close the bypass valve, remove the stopper and frft from the DOD bottle, and 
continue the aeration. 

7.4 Construct a calibration curve by plotting the absorbances of stan- 
dards versus micrograms of mercury. Determine the peak height of the unknown 
from the chart and read the mercury value from the standard curve. 

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting 
petition, and all samples that suffer from matrix interferences by the method 
of standard additions. 

7.6 Duplicates, spiked samples, and check standards should be routinely 
analyzed. 

7.7 Calculate metal concentrations (1) by the method of standard 
additions, or (2) from a calibration curve. All dilution or concentration 
factors must be taken into account. Concentrations reported for multiphased 
or wet samples must be appropriately qualified (e.g., 5 ug/g dry weight). 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Calibration curves must be composed of a mfnfmum of a blank and 
three standards. A calibration curve should be made for every hour of 
continuous sample analysis. 

8.3 Dilute samples if they~ are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Employ a minfmum of one blank per sample batch to determine if 
contamfnatfon or any memory effects are occurring. 

8.5 Verify calfbratlon with an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplfcate sample for every 10 samples. A duplicate 
sample is a sample brought through the entire sample preparation and 
analytical process. 

8.7 The method of standard additions (see Method 7000, Section 8.7) 
shall be used for the analysls of all EP extracts, on all analyses submitted 
as part of a dellstlng petition, and whenever a new sample matrix is being 
analyzed. 
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9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are avaflable In Method 245.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

Methods for Chemical 
kcember 1982, Method 245.1. 

Analysis of Water and Wastes, EPA-600/4-82-055, 
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METHOD 7610 

POTASSIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Xn air/acetylene or other high-temperature flames (>2BOO*C), potas- 
sium can experience partial fonizatfon, which indirectly affects absorption 
sensftlvfty. The presence of other alkali salts in the sample can reduce this 
ionfzatlon and thereby enhance analytical results. The fonization-suppressive 
effect of sodium Is small if the ratio of Na to K is under 10. Any enhance- 
ment due to sodium can be stabflfzed by adding excess sodium (1,000 ug/mL) to 
both sample and standard solutions. If more stringent control of lonfzatfon 
is required, the addition of cesfum should be considered. Reagent blanks 
should be analyzed to correct for potassium impurities in the buffer stock. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Potassfm hollow cathode larg. 
"4.z.: $length: 766.5 nm. 

: Acetylene. 
41214 Oxldant: Air. 
4.2.5 Type of flame: Slfghtly oxldlzfng (fuel lean). 
4.2.6 Background correction: Not required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 
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5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve 1.907 g of potassium chloride, KC1 
(analytical reagent grade), dried at 1lO’C in Type II water and dilute to 
1 liter with Type II water. Alternatively, procure a certified standard 
from a supplier and verify by comparison with a second standard. 

5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The calfbratlon standards 
should be prepared using the same type of acid and at the same 
concentration as will result in the sample to be analyzed after 
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Dfrect Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Sectlon 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample 
ferences are: 

Optimum concentration range: 0.1-2 mg/L with a wavelength 
Sensftfvfty: 0.04 mg/L. 
Detection 11mlt: 0.01 mg/L. 

free of fnter- 

of 766.5 nm. 

9.2 In a single laboratory, analysis 'of a mixed industrial-domestic 
waste effluent, digested with Method 3010, at concentrations of 1.6 and 6.3 
mg/L gave standard deviations of 20.2 and 20.5, respectively. Recoveries at 
these levels were 103% and 102X, respectively. 

10.0 REFERENCES 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 258.1. 
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METHOD 7770 

soDIut4 (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Ionizatfon interferences can affect analysis for sodium; therefore, 
samples and standards must be matrix matched or an ionization suppressant 
employed. 

3.3 Sodium is a universal contaminant, and great care should be taken to 
avoid contamination. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Sodiro hollow cathode laq. 
i.;.: Uaa;length: 589.6 nm. 

: Acetylene. 
41214 Oxidant: Air. 
4.2.5 Type of flame: Oxfdfzfng (fuel lean). 
4.2.6 Background correction: Not required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: Dissolve 2.542 g sodium chloride, NaCl 
(analytical reagent grade), in Type acfdffy with 10 mL 
redistflled HN03, and dilute to 1 

IIli:;er, 
with Type II water. 

Alternatively, procure a certified standard from a supplier and verify by 
comparison with a second standard. 
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5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The calibration standards 
should be prepared using the same type of acid and at the same 
concentration as will result in the sample to be analyzed after 
processing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given fn Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 DUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of inter- 
ferences are: 

Optimum concentration range: 0.03-l mg/L with a wavelength of 589.6 nm. 
Sensitfvfty: 0.015 mg/L. 
Detection limit: 0.002 mg/L. 

9.2 In a single laboratory, analysis of a mixed industrial-domestic 
waste effluent, digested with Method 3010, at concentrations of 8.2 and 52 
mg/L gave standard deviations.of to.1 and 20.8, respectively. Recoveries at 
these levels were 102% and 100X, respectively. 

10.0 REFERENCES 

Methods for Chemical 
ilcember 1982, Method 273.1. 

Analysis of Water and Wastes, EPA-600/4-82-055, 
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METHOD 7420 

LEAD (ATOMIC ABSORPTION, DIRECT ASPIRATION) 

1.0 SCOPE AND APPLICATION 

1.1 See Section 1.0 of Method 7000. 

2.0 SUMMARY OF METHOD 

2.1 See Section 2.0 of Method 7000. 

3.0 INTERFERENCES 

3.1 See Section 3.0 of Method 7000 if interferences are suspected. 

3.2 Background correction Is required at either wavelength. 

4.0 APPARATUS AND MATERIALS 

4.1 For basic apparatus, see Section 4.0 of Method 7000. 

4.2 Instrument parameters (general): 

4.2.1 Lead hollow cathode laap. 
4.2.2 Wavelength: 283.3 nm (primary); 217.0 
4.2.3 Fuel: Acetylene. 

nm (alternate). 

4.2.4 Oxidant: Air. 
4.2.5 Type of flaw: Oxidfzing (fuel lean). 
4.2.6 Background correction: Required. 

5.0 REAGENTS 

5.1 See Section 5.0 of Method 7000. 

5.2 Preparation of standards: 

5.2.1 Stock solution: 
(analytical reagent grade), 

Dissolve 1.599 g of lead nitrate, Pb(N03)2 
in Type II water, acidify with 10 mL 

redistilled HN03, and dilute to 1 lfter with Type II water. Alterna- 
tively, procure a certified standard from a supplier and verify by 
comparison with a second standard. 

5.2.2 Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. The calibration standards 
should be prepared using the same type of acid and at the same 
concentration as will result in the sample to be analyzed after 
processing. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation. 

7.0 PROCEDURE 

7.1 Sample preparation: The procedures for preparation of the sample 
are given in Chapter Three, Section 3.2. 

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration. 

8.0 QUALITY CONTROL 

8.1 See Section 8.0 of Method 7000. 

9.0 METHOD PERFORMANCE 

9.1 The performance characteristics for an aqueous sample free of 
interferences are: 

Optimum concentration range: l-20 mg/L with a wavelength of 283.3 nm. 
Sensitfvfty: 0.5 mg/L. 
Detection limft: 0.1 rag/L. 

9.2 For concentrations of lead below 0.2 mg/L, the furnace technique 
(Method 7421) is recotmaended. 

9.3 Precision and accuracy data are available in Method 239.1 of Methods 
for Chemical Analysis of Water and Wastes. 

9.4 The data shown in Table 1 were obtained from records of state and 
contractor laboratories. The data are intended to show the precision of the 
combined sample preparation and analysis method. 

10.0 REFERENCES 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 239.1. 

2. Gaskfll, A., Compilation and Evaluation of RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, Septelnber 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sample 
Matrix 

Preparation Laboratory 
Method Replicates 

Wastewater treatment sludge 3050 450, 404 ug/g 

Emission control dust 3050 42,500, 63,600 ug/g 

7420 - 3 
Revision 0 
Date Septelnber 1986 



II 

YETYOD 7.m 

LE.D U,TO”IC .L)SORPIION. DIRECT .EPIR.T*O”, 

st.rt 

: 

s.0 

PrC0.FC 
.t.na.ra, 

+- 

1.1 
FOP 

S.Wl. 
Or*o.r.tlon . . . 

Cll.Otcr. 3. 
.mztion a..? 

+- 

I.2 

.“.l”Z. ML”@ 
ta.tnoa 7000. 
s.ction I..? 

7420 - 4 
Revision 
Date Septembe: 1986 



METHOD 7740 

1.0 SCOPE AND APPLICATION 

SELENIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE) 

1.1 Method 7740 is an atomic absorption procedure approved for 
determining the concentration of selenium in wastes, mobility-procedure 
extracts, soils, and ground water. All samples must be subjected to an 
appropriate dissolution step prior to analysis. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis by Method 7740, samples must be prepared in order 
to convert organic forms of selenium to inorganic fons, to minfmfze organic 
interferences, and to convert samples to suitable solutions for analysis. The 
sample-preparation procedure varies, depending on the sample matrix. Aqueous 
samples are subjected to the acid-digestion procedure described in this 
method. Sludge samples are prepared using the procedure described in Method 
3050. 

2.2 Following the appropriate dissolution of the sample, a representa- 
tive alfquot is placed manually or by means of an automatic sampler into a 
graphite tube furnace. The sample aliquot is then slowly evaporated to 
dryness, charred (ashed), and atomfzed. The absorption of lamp radiation 
during atomizatfon will be proportional to the selenium concentration. 

2.3 The typical detection limit for this method is 2 ug/L. 

3.0 INTERFERENCES 

3.1 Elemental selenium and many of its compounds are volatile; 
therefore, samples may be subject to losses of selenium during sample 
preparation. Spike samples and relevant standard reference materials should 
be processed to determine if the chosen dissolution method is appropriate. 

3.2 Likewise, caution must be elnployed during the selection of 
temperature and times for the dry and char (ash) cycles. A nickel nitrate 
solution must be added to all digestates prior to analysis to minimize 
volatilfzation losses during drying and ashing. 

3.3 In addition to the normal interferences experienced during graphite 
furnace analysis, selenium analysis can suffer from severe nonspecific 
absorption and light scattering caused by matrix components during 
atomizatfon. Selenium analysis is particularly susceptible to these problems 
because of its low analytical wavelength (196.0 nm). Simultaneous background 
correction is required to avoid erroneously high results. High iron levels 
can give overcorrection with deuterfum background. Zeeman background 
correction can be useful in this situation. 
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3.4 If the analyte is not completely volatilized and removed from the 
furnace during atomization, memory effects will occur. If this situation is 
detected, the tube should be cleaned by operating the furnace at full power at 
regular intervals in the analytical scheme. 

3.5 Selenium analysis suffers interference from chlorides 0800 mg/L) 
and sulfate 0200 mg/L). The addition of nickel nitrate such that the final 
concentration is 1% nickel will lessen this interference. 

4.0 APPARATUS AND MATERIALS 

4.1 250-mL Griffin beaker. 

4.2 lo-mL volumetric flasks. 

4.3 Atomic absorption spectrophotometer: Single- or dual-channel, 
single- or double-beam instrument with a grating monochromator, photomulti- 
plier detector, adjustable slits, a wavelength- range of 19G-800 nm, and 
provisions for simultaneous background correction and interfacing with a 
strip-chart recorder. 

,4.4 Selenium hollow cathode lamp, or electrodeless discharge lamp (EDL): 
EDLs provide better sensitivity for the analysis of Se. 

4.5 Graphite furnace: Any graphite furnace device with the appropriate 
temperature and timing controls. 

4.6 Strip-chart recorder: A recorder is strongly recosssended for 
furnace work so that there will be a permanent record and so that any problems 
with the analysis, such as drift,. incomplete atomization, losses during 
charring, changes in sensitivity, etc., can easily be recognized. 

4.7 Pipets: Microliter with disposable tips. Sizes can range from 
5 to 1,000 uL, as required. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM 01193): Water should be monttored for 
impurities. 

5.2 Concentrated nitric acid (HNO3): 
determine levels of impurities. 

Acid should be analyzed to 
If a method blank made with the acid is <MDL, 

the acid can be used. 

5.3. Hydrogen peroxide (30%): Oxidant should be analyzed to determine 
levels of impurities. If a method blank made with the oxidant is <MDL, the 
oxidant can be used. 
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5.4 Selenium standard stock solution (1,000 mg/L): Either procure a 
certified aqueous standard from a supplier and verify by comparison with a 
second standard, or dissolve 0.3453 g of selenious acid (actual assay 94.6% 
H2Se03, analytical-reagent grade) or equivalent in Type II water and dilute to 
200 mL. 

5.5 Nickel nitrate solution (5%): Dissolve 24.780 g of ACS reagent 
grade Ni(N03)2*6H20 or equivalent in Type II water and dilute to 100 mL. 

5.6 Nickel nitrate solution (1%): Dilute 20 mL of the 5% nickel nitrate 
to 100 mL with Type II water. 

5.7 Selenium working standards: Prepare dilutions of the stock solution 
to be used as calibration standards at the time of the analysis. Withdraw 
appropriate aliquots of the stock solution, add 1 mL of concentrated HN03, 
2 mL of 30% H202, and 2 mL of the 5% nickel nitrate solution. Dilute to 
100 mL with Type II water. 

5.8 Air: Cleaned and dried 
andother foreign substances. 

through a suitable filter to remove oil, 
water, The source may be a compressor or a 
cylinder of industrial-grade compressed air. 

5.9 Hydrogen: Suitable for instrumental analysis. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 All sample containers must be prewashed with detergents, acids, and 
Type II water. Plastic and glass containers are both suitable. 

6.3 Special containers (e.g., containers used for volatile organic 
analysis) may have to be used if very volatile selenium compounds are to be 
analyzed. 

6.4 Aqueous samples must be acidified to a pH of <2 with nitric acid. 

6.5 Nonaqueous samples ,shall be refrigerated, when possible, and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample~preparation: Aqueous samples should be prepared in the 
manner described in Steps 7.1.1 to 7.1.3. Sludge-type samples should be 
prepared according to Method 3050. The applicability of a sample-preparation 
technique to a new matrix type must be demonstrated by analyzinq spiked 
samples and/or relevant standard reference materials. 
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7.1.1 Transfer 100 mL of well-mixed sample to a 250-mL Griffin 
beaker; add 2 mL of 30% H 02 and sufficient concentrated HNO3 to result 
in an acid concentration o 'i 1% (v/v). Heat for 1 hr at 95'C or until the 
volume is slightly less than 50 mL. 

7.1.2 Cool and bring back to 50 mL with Type II water. 

7.1.3 Pipet 5 mL of this digested solution into a IO-mL volumetric 
flask, add 1 mL of the 1% nickel nitrate solution, and dilute to 10 mL 
with Type II water. The sample is now ready for injection into the 
furnace. 

7.2 The 196.0~nm wavelength ltne and a background correction system must 
be employed. Follow the manufacturer's suggestions for all other spectropho- 
tometer parameters. 

7.3 Furnace parameters suggested by the manufacturer should be employed 
as guidelines. Because temperature-sensing mechanisms and temperature 
controllers can vary between instruments or with time, the validity of the 
furnace parameters must be periodically confirmed by systematically altering 
the furnace parameters while analyzing a standard. In this manner, losses of 
analyte due to overly high temperature settings or losses in sensitivity due 
to less than optimum settings can be minimized. Similar verification of 
furnace parameters may be required for complex sample matrices. 

7.4 Inject a measured uL-aliquot of sample into the furnace and atomlze. 
If the concentration found is greater than the highest standard, the sample 
should be dlluted in the same acid matrix and reanalyzed. The use of multiple 
injections can improve accuracy and help detect furnace pipetting errors. 

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting 
petition, and all samples that suffer from matrix interferences by the method 
of standard additions. 

7.6 Run a check standard after approximately every 10 sample injections. 
Standards are run in part to monitor the life and performance of the graphite 
tube. Lack of reproducibility or significant change in the signal for the 
standard indicates that the tube should be replaced. 

7.7 Duplicates, spiked samples, and check standards should be analyzed 
every 20 samples. 

7.8 Calculate metal concentrations: (1) by the method of standard 
additions, (2) from a calibration curve, or (3) directly from the instrument's 
concentration read-out. All dilution or concentration factors must be taken 
into account. 
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8.0 QUALITY CONTROL 

8.1 All- quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Calibration curves must be composed of a minimum of a blank and 
three standards. A calibration curve should be made for every hour of 
continuous sample analysis. 

8.3 Dilute samples if they are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.5 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the entire sample preparation and 
analytical process. 

8.7 The method of standard additions (see Method 7000, Section 8.7) 
shall be used for the analysis of all EP extracts, on all analyses submitted 
as part of a delisting petition, and whenever a new sample matrix is being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 270.2 of Methods 
for Chemical Analysis of Water and Wastes. 

9.2 The data shown in Table 1 were obtained from records of state and 
contractor laboratories. The data are intended to show the precision of the 
combined sample preparation and analysis method. 

10.0 REFERENCES 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 270.2. 

Gaskill A Compilation and Evaluation of RCRA Method Performance Data, 
&rk Assignm;nt'No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sample Preparation 
Matrix Method 

Emission control dust 3050 

Laboratory 
Replicates 

14, 11 ug/g 
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METHOD 7760 

SILVER (ATOMIC ~asowno~, DIRECT ASPIRATON) 

1.0 SCOPE ANDY APPLICATION 

1.1 Method 7760 is an atomic absorption procedure approved for determin- 
ing the concentration of silver in wastes, mobility procedure extracts, soils, 
and ground water. All samples must be subjected to an appropriate dissolution 
step prior to analysis. 

2.0 SUMMARY OF NETHOD 

2.1 Prior to analysis by Method 7760, sanples must be prepared for 
direct aspiration. The method of sample preparation will vary according to 
the sample matrix. Aqueous samples are subjected to the acid-digestion 
procedure described in this method. 

2.2 Following the appropriate dissolution of the sa.llple, a represen- 
tative aliquot is aspirated into an air/acetylene flame. The resulting 
absorption of hollow cathode radiation will be proportional to the silver 
concentration. Background correction must be employed for all analyses. 

2.3 The typical detection limit for this method is 0.01 mg/L; typical 
sensitivity is 0.06 q/L. 

3.0 INTERFERENCES 

3.1 Background correction is required because nonspecific absorption and 
light scattertng may occur at the analytfcal wavelength. 

3.2 Silver nitrate solutions are light-sensitive and have the tendency 
to plate out on container walls. Thus silver standards should be stored in 
brown bottles. 

3.3 Silver chloride 1s insoluble; therefore, hydrochloric acid should be 
avoided unless the silver is already in solution as a chloride complex. 

3.4 Samples and standards should be monitored for viscosity differences 
that may alter the aspiration rate. 

4.0 APPARATUS AND MATERIALS 

4.1 Atomic absorption spectrophotometer: Single- or dual-channel, 
single- or double-beam instrument with grating monochromator 
photomultiplier detector, adjustable slits, anda provisions for backgroun: 
correction. 
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4.2 Silver hollow cathode lamp. 

4.3 Strip-chart recorder (optional). 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for 
impurities. 

5.2 
determine 
should be 

Concentrated nitric acid (HN03): 
levels of impurities. 

Acid should be analyzed to 
If impurities are detected, all analyses 

blank-corrected. 

5.3 
determine 
should be 

Concentrated ammonium hydyxide (NH40H): 
levels of impurities. f fmpurities 
blank-corrected. 

Base should be analyzed to 
are detected, all analyses 

5.4 
certified . . 

Silver standard stock solution (1,000 rig/L): Either procure a 
aqueous standard from a supplfer and verify by csson with a 

secona standard, x dissolve 0.7874 g anhydrous silver nitrate (AgN03), 
analytical reagent grade, in Type II water. Add 5 mL concentrated HN03 and 
bring to volume in a 500-mL volumetric flask (1 mL = 1 mg Ag). 

5.5 Silver working standards: These standards should be prepared with 
nitric acid and at the same concentrations as the analytical solution. 

5.6 Iodine solution, 1 N: Dissolve 20 g potassium iodide 
analytical reagent grade, in 50 mL Type II water. 

KI), 
Add 12.7 g iodine 

analytical reagent grade, and dilute to 100 mL. Place in a brown bottle. 
12), 

to 101 
CAUTION: 

5.7 Cyanoqen iodide solution: To 50 mL Type II water add 4.0 mL 
concentrated NHqOH, 6.5 g KCN, and 5.0 mL of iodine solution. Mix and dilute 

3 mL with Type II water. Do not keep longer than 2 wk. 
This reagent cannot be mixed with any acid solutions because 
toxic hydrogen cyanide will be produced. 

5.8 Air: Cleaned and dried 
water, and aer foreign substances. 

through a suitable filter to remove oil, 
The source may be a compressor or a 

cylinder of industrial-grade compressed air. 

5.9 Acetylye: .Should be of high purity. Acetone, which is usually 
present in acety ene cylinders, can be prevented from entering and affecting 
flame conditions by replacing the cylinder before the pressure has fallen to 
50 psig. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 
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6.2 All sample containers must be prewashed with detergents, acids, and 
Type II water. Plastic and glass containers are both suitable. 

6.3 Aqueous samples must be acidified to a pH <2 wlth nitric acid. 

6.4 When possible, standards and samples should be stored in the dark 
and in brown bottles. 

6.5 Nonaqueous samples shall be refrigerated, when possible, 'and 
analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Sample preparation: Aqueous samples should be prepared according to 
Paragraphs 7.2 and 7.3. The applicability of a sample-preparation technique 
to a new matrix type must be demonstrated by analyzing spiked samples and/or 
relevant standard reference materials. 

7.2 Preparation of aqueous samples: 

7.2.1 Transfer a representative aliquot of the well-mixed sample to 
a Griffin beaker and add 3 mL of concentrated HN03. Cover the beaker 
with a watch glass. Place the beaker on a hot plate and cautiously 
evaporate to near dryness, making certain that the sample does not boil. 
DO NOT BAKE. Cool the beaker and add another 3-mL portion of 
concentrated HNO3. Re-cover the beaker with a watch glass and return to 
the hot plate. Increase the temperature of the hot plate so that a 
gentle reflux action occurs. 
NOTE: If the sample contains thiosulfates, this step may result in 

splatter of sample out of the beaker as the sample approaches 
dryness. This has been reported to occur with certain 
photographic types of samples. 

7.2.2 Continue heating, adding additional acid, as necessary, until 
the digestion is complete (generally indicated when the digestate is 
light in color or does not change in appearance with continued 
refluxing). Again, evaporate to near dryness and cool the beaker. Add a 
small quantity of HNO so that the final dilution contains 0.5% (v/v) 
HN03 and warm the bea it er to dissolve any precipitate or residue resulting 
from evaporation. 

7.2.3 Wash down the beaker walls and watch glass with Type II water 
and, when necessary, filter the sample to remove silicates and other 
insoluble material that could clog the nebulizer. Adjust the volume to 
some predetermined value based on the expected metal concentrations. The 
sample is now ready for analysis. 
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7.3 If plating out of AgCl is suspected, the precipitate can be 
redissolved by adding cyanogen iodide to the sample. 

CAUTION: This can be done only after dlgestion to prevent formation of 
toxic cyanide under acid conditions. 

If cyanogen iodide addition to the sample is necessary, then the standards 
must be treated in the same manner. 

CAUTION: Cyanogen iodide must not be added to the acidified sjlver 
standards. 

New standards must be made, as directed in Paragraphs 5.4 and 5.5, except that 
the acid addition step must be omitted. Transfer 10 mL of stock solution to a 
small beaker. II water to make about 80 mL. Make the solution basic 
(pH above 7) wi!~"a%~ium hydroxide. Rinse the pH meter electrodes into the 
solution with Type II water. Add 1 mL cyanogen iodide and allow to stand 1 
hr. Transfer quantitatively to a lOO-mL volumetric flask and bring to volume 
with Type II water. 

7.4 The 328.1-nm wavelength line and background correction shall be 
empioyed. 

7.5 An oxidizing air-acetylene flame shall be used. 

7.6 Follow the manufacturer's operating instructions for all other 
spectrophotometer parameters. 

7.7 Either (1) run a series of silver standards and construct a 
calibration curve by plotting the concentrations of the standards against the 
absorbances, or (2) for the method of standard additions, plot added 
concentration versus absorbance. For instruments that read directly in 
concentration, set the curve corrector to read out the proper concentration. 

7.8 Analyze all EP extracts, all samples analyzed as part of a delisting 
petition, and all samples that suffer from matrix interferences by the method 
of standard additions. 

7.9 Duplicates, spiked samples, and check standards should be routinely 
analyzed. 

7.10 Calculate metal concentrations: (1) by the method of standard 
additions, (2) from a calibration curve, or (3) directly from the instrument's 
concentration read-out. All dilution or concentration factors must be taken 
into account. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or Inspection. 

8.2 Calibratlon curves must be composed of a minimum of a blank and 
three standards. A calibration curve should be made for every hour of 
continuous sample analysis. 
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8.3 Dilute samples if they are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.5 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the entire sample preparation and 
analytical process. 

8.7 The method of standard additions (see Method 7000, Section 8.7) 
shall be used for the analysis of all EP extracts, on all analyses submitted 
as part of a delisting petition, and whenever a new sample matrix is being 
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 272.1 of Methods 
for Chemical Analysis of Water and Wastes. 

9.2 The data shown in Table 1 were obtained from 
contractor laboratories. The data are intended to show 
combined sample preparation and analysis method. 

10.0 REFERENCES 

records of state and 
the precision of the 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055, 
December 1982, Method 272.1. 

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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TABLE 1. METHOD PERFORMANCE DATA 

Sample Preparation 
Matrix Method 

Laboratory 
Replicates 

Wastewater treatment sludge 3050 2.3, 1.6 ug/g 

Emission control dust 3050 1.8, 4.2 ug/g 
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METHOD 9200 

NITRATE 

1.0 SCOPE AND APPLICATION 

1.1 This method is applicable to the analysis of ground water, drinking, 
surface, and saline waters, and domestic and industrial wastes. Modification 
can be made to remove or correct for turbidity, color, salinity, or dissolved 
organic compounds in the sample. 

1.2 The applicable range of concentration is 0.1 to 2 mg NO3-N per liter 
of sample. 

2.0 SUMMARY OF METHOD 

2.1 This method is based upon the reaction of the nitrate ion with 
brucine sulfate in a 13 N H2SO4 solution at a temperature of 1OO’C. The color 
of the resulting complex is measured at 410 nm. Temperature control of the 
color reaction is extremely critical. 

3.0 INTERFERENCES 

3.1 Dissolved organic matter will cause an off color In 13 N H SO4 and 
must be compensated for by additions of all reagents except the 6 rucine- 
sulfanillc acid reagent. This also applies to natural color, not due to 
dissolved organics, that is present. 

3.2 If the sample is colored or if the conditions of the test cause 
extraneous coloration, this interference should be corrected by running a 
concurrent sample under the same conditions but in the absence of the brucine- 
sulfanilic acid reagent. 

3.3 Strong oxidizing or reducing agents cause interference. The 
presence of oxidizing agents may be determined by a residual chlorine test; 
reducing agents may be detected with potassium pennanganate. 

3.3.1 Oxidizing agents' interference is eliminated by the addition 
of sodium arsenite. 

3.3.2 Reducing agents may be oxidized by addition of H202. 

3.4 Ferrous and ferric iron and quadrivalent manganese give slight 
positive interferences, but in concentrations less than 1 mg/L these are 
negligible. 
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3.5 Uneven heating of the samples and standards during the reaction time 
will result in erratic values. The necessity for absolute control of 
temperature during the critical color development period cannot be too 
strongly emphasized. 

4.0 APPARATUS AND MATERIALS 

4.1 Spectrophotometer or filter photometer suitable for measuring 
absorbance at 410 nm. 

4.2 Sufficient number of 40- to 50-mL glass sample tubes for reagent 
blanks, standards, and samples. 

4.3 Neoprene-coated wire racks to hold sample tubes. 

4.4 Water bath suitable for use at 1OO'C. This bath should contain a 
stirring mechanism so that all tubes are at the same temperature and should be 
of sufficient capacity to accept the required number of tubes without a 
significant drop in temperature when the tubes are tannersed. 

4.5 Water bath suitable for use at lo-WC. 

5.0 REAGENTS 

5.1 ASTM Tvpe II water (ASTM D1193): Water should be nvonitored for 
impurities. 

5.2 Sodium chloride solution (30X): 
water and dilute to 1 liter. 

Dissolve 300 g NaCl in Type II 

5.3 Sulfuric acid solution: 
125 mL Type II water. 

Carefully add 500 mL concentrated H2SOq to 
Cool and keep tightly stoppered to prevent absorption 

of atmospheric moisture. 

5.4 Brucine-sulfanilic acid reagent: Dissolve 1 g brucine sulfate -- 
(C23H26N204)2.H2SO4.7H20 -- and 0.1 g sulfanilic acid (NH2C6H4S03H.H 0) in 
70 mL hot Type II water. Add 3 mL concentrated HCl, cool, mix, and di f ute to 
100 mL with Type II water. Store in a dark bottle at 5'C. This solution is 
stable for several months; the pink color that develops slowly does not affect 
its usefulness. Mark bottle with warning, "CAUTION: Brucine Sulfate is 
toxic: do not ingest." 

5.5 Potassium nitrate stock solution (1.0 mL = 0.1 mg N03-N): Dissolve 
0.7218 g anhydrous potassium nitrate (kNO3) in Type II water and dilute to 
1 liter in a volumetric flask. Preserve with 2 mL chloroform per liter. This 
solution is stable for at least 6 mon. 

5.6 Potassium nitrate standard solution (1.0 mL = O.OOlhg NO -N): 
f Dilute 10.0 mL of the stock solution (5.5) to 1 liter in a volumetric f ask. 

This standard solution should be prepared fresh weekly. 

9200 - 2 
Revision 0 
Date September 1986 



5.7 Acetic acid (1+3): Dilute 1 volume glacial acetic acid (CH3COOH) 
with 3 volumes of Type II water. 

5.8 Sodium hydroxide (1 N): Dissolve 40 g of NaOH in Type II water. 
Cool and dilute to 1 liter. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 Analysis should be done as soon as possible. If analysis can be 
done within 24 hr, the sample should be preserved by refrigeration at 4'C. 
When samples must be stored for more than 24 hr, they should be preserved with 
sulfuric acid (2 mL/L concentrated H2SO4) and refrigerated. 

7.0 PROCEDURE 

7.1 Adjust the pH of the samples to approximately 7 with acetic acid 
(Paragraph 5.7) or sodium hydroxide (Paragraph 5.8). If necessary, filter to 
remove turbidity. Sulfuric acid can be used in place of acetic acid, if 
preferred. 

7.2 Set up the required number of sample tubes in the rack to handle 
reagent blank, standards, and samples. Space tubes evenly throughout the rack 
to allow for even flow of bath water between the tubes. This should assist in 
achieving uniform heating of all tubes. 

7.3 If it is necessary to correct for color or dissolved organic matter 
which will cause color on heating, run a set of duplicate samples to which all 
reagents, except the brucine-sulfanilic acid, have been added. 

7.3.1 Add 0.5 mL brucine-sulfanilic acid reagent (Paragraph 5.4) to 
each tube (except the interference control tubes) and carefully mix by 
swirling: then place the rack of tubes in the 1OO’C water bath for 
exactly 25 min. 

CAUTION: Iannersion of the tube rack into the bath should not 
decrease the temperature of the bath by more than 1-2'C. In 
order to keep this temperature decrease to an absolute minimum, 
flow of bath water between the tubes should not be restricted 
by crowding too many tubes into the rack. If color development 
in the standards reveals discrepancies in the procedure, the 
operator should repeat the procedure after reviewing the 
temperature control steps. 

7.4 Pipet 10.0 mL of standards and samples or an aliquot of the samples 
diluted to 10.0 mL into the sample tubes. 
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7.5 If the samples are saline, add 2 mL of the 30X sodium chloride 
solution (Paragraph 5.2) to the reagent blank, standards, and samples. For 
freshwater samples, sodium chloride solution may be omitted. Mix contents of 
tubes by swirling and place rack in cold-water bath (O-10.C). 

7.6 Pipet 10.0 mi. of sulfuric acid solution (Paragraph 5.3) into each 
tube and mix by swirling. Allow tubes to come to thermal equilibrium in the 
cold bath. Be sure that temperatures have equilibrated in all tubes before 
continuing. 

7.7 Remove rack of tubes from the hot-water bath, immerse in the cold- 
water bath, and allow to reach thermal equilibrium (20-25'C). 

7.8 Read absorbance against the reagent blank at 410 nm using a l-cm or 
longer cell. 

7.9 Calculation: 

7.9.1 Obtain a standard c~urve by plotting the absorbance of 
standards run by the above procedure against mg/L NO3-N. (The color 
reaction does not always follow Beer's law.) 

7.9.2 Subtract the absorbance of the sample without the brucine- 
sulfanilic reagent from the absorbance of the sample containing brucine- 
sulfanilic acid and determine mg/L ND3-N. Multiply by an appropriate 
dilution factor if less than 10 mL of sample is taken. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Linear calibration curves must be composed of a minimum of a blank 
and five standards. A set of standards must be included with each batch of 
samples. 

8.3 Dilute samples if they are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.5 Run one spike duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the whole sample preparation and analytical 
process. 
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9.0 METHOD PERFORMANCE 

9.1 Twenty-seven analysts in fifteen laboratories analyzed natural-water 
samples containing exact increments of inorganic nitrate, with the following 
results: 

Increment as Precision as Accuracy as 
Nitrogen, Nitrate Standard Deviation Bias Bias 

bwh- N) (w/L NJ 6) OWL NJ 

0.16 0.092 -6.79 -0.01 
0.19 0.083 ta.30 +0.02 
1.08 0.245 t4.12 to.04 
1.24 0.214 +2.82 to.04 

10.0 REFERENCES 

1. Annual Book of ASTM Standards, Part 31. 'Water.' Standard D992-71. D. 363 
(1976) . 

. . 

2. Jenkins, D. and L. Medsken, "A Brucine Method for the Determination o 
Nitrate in Ocean, Estuarine, and Fresh Water," Anal.Chem., 36, p. 610 (1964). 

3. Standard Methods for the Examination of Water and Wastewater, 14th ed. 
p. 427, Method 419D (1975). 
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METHOD 9035 

suLFm (coLoRIMETRIC, AUTOMATED, CHL~RANILATE) 

1.0 SCOPE AND APPLICATION 

1.1 This automated method is applicable to ground water, 
surface waters, and domestic and industrial wastes containing 
S04-2/1iter. 

2.0 SUMMARY OF METHOD 

drinking and 
10 to 400 mg 

2.1 When solid barium chloranilate is added to a solution containing 
sulfate, barium sulfate is precipitated, releasing the highly colored acid 
chloranilate ion. The color intensity in the resulting chloranilic acid 
solution is proportional to the amount of sulfate present. 

3.0 INTERFERENCES 

3.1 Cations such as calcium, aluminum, and iron interfere by precipi- 
tating the chloranilate. These ions are removed by passage through an ion- 
exchange column. 

3.2 Samples should be centrifuged or filtered before analysis. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated continuous-flow analytical instrument, with: 

4.1.1 Saqler I. 

4.1.2 Continuous filter. 

4.1.3 Manifold. 

4.1.4 Proportlonlng purp. 

4.1.5 Colorlmter: Equipped with 15 am~ tubular flowcell and 520 nm 
filters. 

4.1.6 Recorder. 

4.1.7 Heatlng bath, 45'C. 

4.2 Magnetic stirrer. 
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5.0 REAGENTS 

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for 
impurities. 

5.2 Barium chloranilate: Add 9 g of barium chloranilate (BaC Cl2O4) to 
333 mL of spectrophotometric grade ethyl alcohol and dilute to 1 iter with 7 
Type II water. 

5.3 Acetate buffer, pH 4.63: Dissolve 13.6 g of sodium acetate in Type 
II water. Add 6.4 mL of acetic acid and dilute to 1 liter with Type II water. 
Make fresh weekly. 

5.4 NaOH-EDTA solution: Dissolve 65 g of NaOH and 6 g EDTA in Type II 
water and dilute to 1 liter. This solution is also used to clean out the 
manifold system at end of sampling run. 

5.5 Ion exchange resin: Dowex-50 W-X8, ionic form-H+. The column is 
prepared by sucking a slurry of the resin into 12 in. of 3/16-in O.D. tubing. 
This may be conveniently done by using a pipet and a loose-fitting glass wool 

in the tube. The column, upon exhaustion, turns red. Ensure that air 
not enter the column. 

We 
5.6 Stock solution: Dissolve 1.4790 g of oven-dried (105.C) Na2SO4 in 
II water and dilute to 1 liter in a volumetric flask (1.0 mL = 1.0 mg). 

5.7 Standards: Prepare a series of standards by diluting suitable 
volumes of stock solution to 100.0 mL with Type II water. The following 
dilutions are suggested. 

Stock Solution (mL) Concentration (mg/L) 

1.0 
2.0 
4.0 
6.0 
8.0 

10.0 
15.0 
20.0 
30.0 
40.0 

10 

:i 
60 

1:: 
150 
200 
300 
400 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 Refrigerate at 4'C. 
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7.0 PROCEDURE 

7.1 Set up manifold as shown in Figure 1. (Note that any precipitated 
BaSO4 and the unused barium chloranilate are removed by filtration. If any 
BaSO4 should come through the filter, it is complexed by the NaOH-EDTA 
reagent.) 

7.2 Allow both calorimeter and recorder to warm up for 30 min. Run a 
baseline with all reagents, feeding Type II water through the sample line. 
Adjust dark current and operative opening on calorimeter to obtain suitable 
baseline. 

7.3 Place Type II water wash tubes in alternate openings in sampler and 
set sample timing at 2.0 min. 

7.4 Place working standards in sampler in order of decreasing concen- 
tration. Complete filling of sampler tray with unknown samples. 

7.5 Switch sample line from Type II water to sampler and beginanalysis. 

7.6 Calculation: 

7.6.1 Prepare a standard curve by plotting peak heights of 
processed standards against known concentrations. Compute concentration 
of samples by comparing sample peak heights with standard curve. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Calibration curves must be composed of a minimum of a blank and 
three standards. A linear calibration curve should be made for every hour of 
continuous sample analysis. 

8.3 Dilute samples if they are more concentrated than the highest 
standard or if they fall on the plateau of a calibration curve. 

8.4 Employ a minimum of cne blank per sample batch to determine if 
contamination has occurred. 

8.5 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.6 Run one~spike duplicate sample for every 10 samples. A spike 
duplicate sample is a sample brought through the whole sample preparation and 
analytical process. 
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9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 375.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

1. Bertolacini, R.J., and J.E. Barney, II, Calorimetric Determination of 
Sulfate with Barium Chloranilate, Anal. Chem., m, pp. 281-283 (1957). 

2. Gales, M.E., Jr., W.H. Kaylor, and J.E. Longbottom, Determination of 
Sulphate by Automatic Calorimetric Analysis, Analyst, 93, 97 (1968). 
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METHOD 9040 

pH ELECTROMETRIC MEASUREMENT 

1.0 SCOPE AND APPLICATION 

1.1 Method 9040 is used to measure the pH of aqueous wastes and those 
multiphase wastes where the aqueous phase constitutes at least 20X of the 
total volume of the waste. 

2.0 SUMMARY 

2.1 The pH of the sample is determined electrometrically using either a 
alass electrode in combination with a reference potential or a combination 
glectrode. The measuring device is calibrated using 
solutions of known pH. 

. 

3.0 INTERFERENCES 

3.1 The glass electrode, in general, is not 
interferences from color, turbidity, colloidal matter, 
or high salinity. 

a series of standard 

subject to solution 
oxidants, reductants, 

3.2 Sodium error at pH levels >I0 can be reduced or eliminated by using 
a low-sodium-error electrode. 

3.3 Coatings of oily material or particulate matter can impair electrode 
response. These coatings can usually be removed by gentle wiping or detergent 
washing, followed by rinsin 
with hydrochloric acid (1:9 4 

with distilled water. An additional treatment 
may be necessary to remove any remaining film. 

3.4 Temperature effects on the electrometric determination of pH arise 
from two sources. The first is caused by the change in electrode output at 
various temperatures. This interference can be controlled with instruments 
having temperature compensation or by calibrating the electrode-instrument 
system at the temperature of the samples. The second source of temperature 
effects is the chanae of DH due to chanaes in the sample as the temoerature 
changes. This erroF is sample-dependent aid cannot be controlled. It' 
therefore, be noted by reporting both the pH and temperature at the 
analysis. 

should, 
time of 

4.0 APPARATUS AND MATERIALS 

4.1 w: 
Laboratory or field model. Many instruments are 

cially ava a e with various specifications and optional equipment. 
connner- 
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4.2 Glass electrode. 

4.3 Reference electrode: A silver-silver chloride or other reference 
electrode of constant potential may be used. 

NOTE: Combination electrodes incorporating both measuring and referenced 
functions are convenient to use and are available with solid, gel- 
type filling materials that require minimal maintenance. 

4.4 Magnetic stirrer and Teflon-coated stirring bar. 

4.5 The~rmometer or temperature sensor for automatic compensation. 

5.0 REAGENTS 

5.1 Primary standard buffer salts are available from the National Bureau 
of Standards (Special Publication 260) and should be used in situations where 
extreme accuracy is necessary. Preparation of reference solutions from these 
salts requires some special precautions and handling, such as low-conductivity 
dilution water, drying ovens, and carbon-dioxide-free purge gas. These 
solutions should be replaced at least once each month. 

5.2 Secondary standard buffers may be prepared from NBS salts or 
purchased as solutions from coamiercial vendors. These coannercially available 
solutions have been validated by comparison with NBS standards and are 
recommended for routine use. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

6.2 Samples should be analyzed as soon as possible. 

7.0 PROCEDURE 

7.1 Calibrationz~ 

7.1.1 Because of the wide variety of pH meters and accessories, 
detailed operating procedures cannot be incorporated into this method. 
Each analyst must be acquainted with the operation of each system and 
familiar with all instrument functions. Special attention to care of the 
electrodes is recommended. 

7.1.2 Each instrument/electrode system must be calibrated at a 
minimum of two points that bracket the expected pH of the samples and are 
approximately three pH units or more apart. Various instrument designs 
may involve use of a dial to "balance" or "standardize" or a slope 
adjustment, as outlined in the manufacturer's instructions. Repeat 
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adjustments on successive portions of the two buffer solutions until 
readings are within 0.05 pH units of the buffer solution value. 

7.2 Place the sample or buffer solution in a clean glass beaker using a 
sufficient volume to cover the sensing elements of the electrodes and to give 
adequate clearance for the magnetic stirring bar. If field measurements are 
being made, the electrodes may be innnersed directly into the sample stream to 
an adequate depth and moved in a manner to ensure sufficient sample movement 
across the electrode-sensing element as indicated by drift-free readings 
(<O.l PHI. 

7.3 If the sample temperature differs by more than 2'C from the buffer 
solution, the measured pH values must be corrected. Instruments are equipped 
with automatic or manual compensators that electronically adjust for 
temperature differences. Refer to manufacturer's instructions. 

7.4 Thoroughly rinse and gently wipe the electrodes prior to measuring 
pH of samples. Immerse the electrodes into the sample beaker or sample stream 
and gently stir at a constant rate to provide homogeneity and suspension of 
solids. Note and record sample pH and temperature. Repeat measurement on 
successive volumes of sample until values differ by <O.l pH units. Two or 
three volume changes are usually sufficient. 

8.0 QUALITY CONTROL 

8.1 Duplicate samples and check standards should be analyzed routinely. 

8.2 Electrodes must be thoroughly rinsed between samples. 

9.0 METHOD PERFORMANCE 

9.1 Forty-four analysts in twenty laboratories analyzed six synthetic 
water samples containing exact increments of hydrogen-hydroxyl ions, with the 
following results: 

pH Units 

3.5 
3.5 

::: 

E 

Standard Deviation 
pH Units 

0.10 
0.11 

0.20 0.18 

0.13 0.12 

Accuracy as 
Bias Bias 
x 

-0.29 
-0.00 
+1.01 
-0.03 
-0.12 
to.16 

pH Units 

-0.01 

to.07 
-0.002 
-0.01 
+0.01 

10.0 REFERENCES 

1. National Bureau of Standards, Standard Reference Material Catalog 1986- 
87, Special Publication 260. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

CONDUCTANCE 

Method 120.1 (Specific Conductance, mhos at 25°C) 

STORET NO. OOO!Xi 

Scope and Application 
1.1 This method is applicable to drinking, surface, and saline wates, domestic and indus- 

trial wastes and acid rain (atmospheric deposition). 
Summary of Method 
2.1 The specific conductance of a sample is measured by use of a self-containedconductivity 

meter, Wheatstone bridge-type, or equivalent. 
2.2 Samples are preferable analyzed at 25%. If not, temprature corrections aremade and 

results reported at 25°C. 
Comments 
3.1 Instrument must be standardized with KC1 solution before daily use. 
3.2 Conductivity cell must be kept clean. 
3.3 Field measurements with comparable instruments are reliable. 
3.4 Temperature variations and corrections represent the largest source of potential error. 
Sample Handling and Preservation 
4.1 Analyses can be performed either in the field or laboratory. 
4.2 If analysis is not completed within 24 hours of sample collection, sample should be 

filtered through a 0.45 micron filter and stored at 4°C. Filter and apptiatus must be 
washed with high quality distilled water and pre-rinsed with sample before use. 

Apparatus 
5.1 Conductivity bridge, range 1 to 1000 who per centimeter. 
5.2 Conductivity cell, cell constant 1.0 or micro dipping type cell with 1.0 constant. YSI 

#3403 or equivalent. 
5.4 Thermometer 
Reagents 
6. I Standard potassium chloride solutions, 0.01 M: Dissolve ,0.7456 gm of pre-dried (2 hour 

at 105%) KC1 in distilled water and dilute to 1 liter at 25°C. 
Cell Calibration 
7.1 The analyst should use the standard potassium chloride solution (6.1) and the table 

below to check the accuracy of the cell constant and conductivity bridge. 

Approved for NPDES 
Issued 1971. 
Editorial revision, 1982 
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8. 

9. 

10. 

Conductivity 0.01 m KC1 

“C Micromhos/cm 

21 1305 
22 1332 
23 1359 
24 1386 
25 1413 
26 1441 
27 1468 
28 1496 

Procedure 
8.1 Follow the direction of the manufacturer for the operation of the instrument. 
8.2 Allow samples to come to room temperature (23 to 27”C), if possible. 
8.3 Determine the temperature OE samples within 0.5%. If the temperature of the samples 

is not 25°C. make temperature correction in accordance with the instruction in Section 
9 to convert reading to 25”. 

Calculation 
9.1 These temperature corrections are based on the standard KC1 solution. 

9.1.1 If the temperature of the sample is below 25°C. add 2% of the reading per degree. 
9.1.2 If the temperature is above 25’C, subtract 2% of the reading per degree. 

9.2 Report results as Specific Conductance, phos/cm at 25”. 
Precision and Accuracy 
10.1 Forty-one analysts in 17 laboratories anal~zed six synthetic water samples containing 

increments of inorganic salts, with the following results: 

Increment as Precision as 
Specific Conductance Standard Deviation 

too 
106 
808 
848 

1640 
1710 

7.55 
8.14 
66. I 
79.6 
106 
119 

(FWPCA Method Study 1, Mineral and Physical Analyses.) 

Bias, 
% - 

-2.02 
-0.76 
-3.63 
4.54 
-5.36 
-5.08 

Accuracy as 
Bias, 

Irmhos/cm 

-2.0 
-0.8 

-29.3 
-38.5 
-87.9 
-86.9 

10.2 In a single laboratory (EMSL) using surface water samples with an average 
conductivity of 536 mhos/cm at 25%. the standard deviation was f6. 
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Bibliography 
1. The procedure to be used for this determination is found in: 

Annual Book of ASTM Standards Part 31, “Water,” Standard D1125-64, p. 120 (1976). 
2. Standard Methods for the Examination of Water and Wastewater. 14th Edition, p. 71. 

Method 205 (1975). 
3. Instruction Manual for YSI Model 31 Conductivity Bridge. 
4. Peden, M. E.. and Skowron. “Ionic Stability of Precipitation Samples,” Atmospheric 

Environment, Vol. 12, p. 2343-2344, 1978. 

120.1-3 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

ACIDITY 

Method 305.1 (Titrimetric) 

STORET NO. 70508 

Scope and Application 
1. I This method is applicable to surface waters, sewages and industrial wastes, particularly 

mine drainage and receiving streams, and other waters containing ferrous iron or other 
polyvalent cations in a reduced state. 

1.2 The method covers the range from approximately 10 mg/l acidity to approximately 
lOCHI mg/l as CaCO,, using a 50 ml sample. 

Summary of Method 
2.1 The pH of the sample is determined and a measured amount of standard acid is added. as 

needed, to lower the pH to 4 or less. Hydrogen peroxide is added, the solution boiled for 
several minutes, cooled, and titrated electrometrically with standard alkali to pH 8.2. 

Definitions 
3.1 This method measures the mineral acidity of a sample plus the acidity resulting from 

oxidation and hydrolysis of polyvalent cations, including salts of iron and aluminum. 
Interferences 
4.1 Suspended matter present in the sample, or precipitates formed during the titration may 

cause a sluggish electrode response. This may be offset by allowing a 15-20 second pause 
between additions of titrant or by slow dropwise addition of titrant as the endpoint pH is 
approached. 

Apparatus 
5.1 pH meter, suitable for electrometric titrations. 
Reagents 
6.1 Hydrogen peroxide (H,O,, 30% solution). 
6.2 Standard sodium hydroxide, 0.02 N. 
6.3 Standard sulfuric acid, 0.02 N. 
Procedure 
7. I Pipet 50 ml of the sample into a 250 ml beaker. 
7.2 Measure the pH of the sample. If the pH is above 4.0, add standard sulfuric acid (6.3) in 

5.0 ml increments to lower the pH to 4.0 or less. If the initial pH of the sample is less than 
4.0, the incremental addition of sulfuric acid is not required. 

7.3 Add 5 drops of hydrogen peroxide (6.1). 
7.4 Heat the sample to boiling and continue boiling for 2 to 4 minutes. In some instances, the 

concentration of ferrous iron in a sample is such that an additional amount of hydrogen 
peroxide and a slightly longer boiling time may be required. 

Approved for NPDES 
Issued 197 1 
Technical revision 1974 
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7.5 Cool the sample to room temperature and titrate electrometrically with standard sodium 
hydroxide (6.2) to pH 8.2. 

8. Calculations 
8.1 Acidity, as mg/l CaCO, = [(A ’ B) m F stm:)“, X 5oJXJf’ 

where: 
A = vol. of standard sodium hydroxide used in titration 
B = normality of standard sodium hydroxide 
C = volume of standard sulfuric acid used to reduce pH to 4 or less 
D = normality of standard sulfuric acid 

8.2 If it is desired to report acidity in millequivalents per liter, the reported values as CaCO, 
are divided by 50, as follows: 

Acidity as meq/l = mg’15~’ 

9. Precision 
9.1 On a round robin conducted by ASTM on 4 acid mine waters, including concentrations 

up to 2C00 mg/l, the precision was found to be * 10 mg/l. 

Bibliography 

1. 
2. 

Annual Book of ASTM Standards, Part 3 1, “Water”, p 116, D 1067, Method E( 1976). 
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 277, 
Method 402(4-d) (1975). 
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2. 

3. 

4. 

5. 

6. 

7 

CHEMICAL OXYGEN DEMAND 

Method 410.4 (Calorimetric, Automated; Manual) 

STORET NO. 00340 

Scope and Application 
1.1 This method covers the determination of COD in surface waters, domestic and industrial 

wastes. 
1.2 The applicable range of the automated method is 3-900 mg/l and the range of the 

manual method is 20 to 900 mg/l. 
Summary of Method 
2.1 Sample, blanks and standards in sealed tubes are heated in an oven or block digestor in 

the presence of dichromate at ISO’C. After two hours, the tubes are removed from the 
oven or digestor, cooled and measured spectrophotometrically at 600 nm. 

Sample Handling and Preservation 
3. I Collect the samples in glass bottles if possible. Use of plastic containers is permissible if it 

is known that no organic contaminants are present in the containers. 
3.2 Samples should be preserved with sulfuric acid to a pH c 2 and maintained at 4°C until 

analysis. 
Interferences 
4.1 Chlorides are quantitatively oxidized by dichromate and represent a positive 

interference. Mercuric sulfate is added to the digestion tubes to complex the chlorides. 
Apparatus 
5.1 Drying oven or block digestor, 150-C 
5.2 Coming culture tubes, 16 x 100 mm or 25 x 150 mm with Teflon lined screw cap 
5.3 Spectrophotometer or Technicon AutoAnalyzer 
5.4 Muffte furnace, 5oo’C. 
Reagents 
6.1 Digestion solution: Add 10.2 g K,Cr,O,, 167 ml cont. H,SO, and 33.3 g HgSO, to 500 ml 

ofdistilled water, cool and dilute to 1 liter. 
6.2 Catalyst solution: Add 22 g Ag,SO, to a 4.09kg bottle of cont. H,SO,. Stir until 

dissolved. 
6.3 Sampler wash solution: Add 500 ml of cone H,SO, to 500 ml of distilled water. 
6.4 Stock potassium acid phthalate: Dissolve 0.850 g in 800 ml of distilled water and dilute to 

1 liter. 1 ml = 1 mg COD 
6.4.1 Prepare a series of standard solutions that cover the expected sample 

concentrations by diluting appropriate volumes of the stock standard. 
Procedure 
7.1 Wash all culture tubes and screw caps with 20% H,SO, before their first use to prevent 

contamination. Trace contamination may be removed from the tubes by igniting them in 
a mume oven at 5oo’C for 1 hour. 

Pending approval for Section 304(h). CWA 
Issued 1978 
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7.2 Automated 
7.2.1 Add 2.5 ml ofsample to the I6 x 100 mm tubes. 
7.2.2 Add 1.5 ml ofdigestion solution (6.1) and mix. 
7.2.3 Add 3.5 ml of catalyst solution (6.2) carefully down the side of the culture tube. 
7.2.4 Cap tightly and shake to mix layers. 
7.2.5 Process standards and blanks exactly as the samples. 
7.2.6 Place in oven or block digestor at 150°C for two hours. 
7.2.7 Cool, and place standards in sampler in order of decreasing concentration, 

Complete tilhng sampler tray with unknown samples. 
7.2.8 Measure color intensity on AutoAnalyzer at 600 nm. 

7.3 Manual 
7.3.1 The following procedure may be used if a larger sample is desired or a 

spectrophotometer is used in place of an AutoAnalyzer. 
7.3.2 Add 10 ml of sample to 25 x 150 mm culture tube. 
7.3.3 Add 6 ml of digestion solution (6. I) and mix. 
7.3.4 Add 14 ml of catalyst solution (6.2) down the side of culture tube. 
7.3.5 Cap tightly and shake to mix layers. 
7.3.6 Place in oven or block digestor at 15o’C for 2 hours. 
7.3.7 Cool. allow any precipitate tosettleand measureintensity inspectrophotoineterat 

600 nm. Use only optically ~matched culture tubes or a single cell for spectro- 
photometric measurement. 

Calculation 
8.1 Prepare a standard curve by plotting peak height or percent transmittance against known 

concentrations of standards. 
8.2 Compute concentration of samples by comparing sample response to standard curve. 
Precision and Accuracy 
9.1 Precision and accuracy data are not available at this time. 

Bibliography 

1. Jirka, A. M., and M. J. Carter, “Micro-Semi-Automated Analysis of Surface and Wastewaters 
for Chemical Oxygen Demand.” Anal. Chem. 9: 1397. (1975). 
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METHOD 9060 

TOTAL ORGANIC CARBON 

1.0 SCOPE AND APPLICATION 

1.1 Method 9060 is used to determine the concentration of organic carbon 
in ground water, surface and saline waters, and domestic and industrial 
wastes. Some restrictions are noted in Sections 2.0 and 3.0. 

1.2 Method 9060 is most applicable to measurement of organic carbon 
above 1 mg/L. 

2.0 SUMMARY OF METHOD 

2.1 Organic carbon is measured uslng a carbonaceous analyzer. This 
instrument converts the organic carbon in a sample to carbon dioxide (C02) by 
either catalytic combustion or wet chemical oxidation. The CO2 formed is then 
either measured directly by an infrared detector or converted to methane (CH4) 
and measured by a flame ionization detector. The amount of CO2 or CH4 in a 
sample is directly proportional to the concentration of carbonaceous material 
in the sample. 

2.2 Carbonaceous analyzers are capable of measuring all forms of carbon 
in a sample. However, because of various propertles of carbon-containing 
compounds in liquid samples, the manner of preliminary sample treatment as 
well as the instrument settings will determine which forms of carbon are 
actually measured. The forms of carbon that can be measured by Method 9060 
are: 

1. Soluble, nonvolatile organic carbon: e.g., natural sugars. 

2. Soluble, volatile organic carbon: e.g., mercaptans, alkanes, low 
molecular weight alcohols. 

3. Insoluble, partially volatile carbon: e.g., low molecular weight 
oils. 

4. Insoluble, particulate carbonaceous materlals: e.g., cellulose 
fibers. 

5. Soluble or insoluble carbonaceous materials adsorbed or entrapped 
on insoluble inorganic suspended matter: e.g., oily matter adsorbed 
on silt particles. 

2.3 Carbonate and bicarbonate are inorganic forms of carbon and must be 
separated from the total organic carbon value. Depending on the instrument 
manufacturer's instructions, this separatlon can be accomplished by either a 
simple mathematical subtraction, or by removing the carbonate and bicarbonate 
by converting them to CO2 with degassing prior to analysis. 
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3.0 INTERFERENCES 

3.1 Carbonate and bicarbonate carbon represent an interference under the 
terms of this test and must be removed or accounted for in the final calcula- 
tion. 

3.2 This procedure is applicable only to homogeneous samples which can 
be injected into the apparatus reproducibly by means of a microliter-type 
syringe or pipet. The openings of the syringe or pipet limit the maximum size 
of particle which may be included in the sample. 

3.3 Removal of carbonate and bicarbonate by acidification and purging 
with nitrogen, or other inert gas, can result in the loss of volatile organic 
substances. 

4.0 APPARATUS AND MATERIALS 

4.1 Apparatus for blending or homogenizing samples: 
Waring-type blender is satisfactory. 

Generally, a 

4.2 Apparatus for total and dissolved orpanic carbon: 

4.2.1 Several companies manufacture analyzers 
carbonaceous material in liquid samples. 

for measuring 
The most appropriate system 

should be selected based on consideration of the types of samples to be 
analyzed, the expected concentration range, and the forms of carbon to be 
measured. 

4.2.2 No specific analyzer is recommended as superior. If the 
technique of chemical oxidation is used, the laboratory must be certain 
that the instrument is capable of achieving good carbon recoveries in 
samples containing particulates. 

5.0 REAGENTS 

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for 
impurities, and should be boiled and cooled to remove C02. 

5.2 Potassium hydrogen phthalate, stock solution, 1,000 mg/L carbon: 
Dissolve 0.2128 g of potassium h ydrogen phthalate (primary standard grade) in 
Type II water and dilute to 100.0 mL. 

NOTE: Sodium oxalate and acetic acid are not recommended as stock 
solutions. 

5.3 Potassium hydrogen phthalate, standard solutions: Prepare standard 
solutions from the stock solution by dilution with Type II water. 
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5.4 Carbonate-bicarbonate, stock solution, 1,000 mg/L carbon: Weigh 
0.3500 g of sodium bicarbonate and 0.4418 g of sodium carbonate and transfer 
both to the same lOO-mL volumetric flask. Dissolve with Type II water. 

5.5 Carbonate-bicarbonate, standard solution: Prepare a series of 
standards similar to Step 5.3. 

NOTJ: This standard is not required by some instruments. 

5.6 Blank solution: Use the same Type II water as was used to prepare 
the standard solutions. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

6.2 Sampling and storage of samples in glass bottles is preferable. 
Sampling and storage in plastic bottles such as conventional polyethylene and 
cubitainers is permissible if it is established that the containers do not 
contribute contaminating organics to the samples. 

NOTE: A brief study performed in the EPA Laboratory indicated that Type 
- II water stored in new, 1-qt cubitainers did not show any increase 

in organic carbon after 2 weeks' exposure. 

6.3 Because of the possibility of oxidation or bacterial decomposition 
of some components of aqueous samples, the time between sample collection and 
the start of analysis should be minimized. Also, samples should be kept cool 
(4'C) and protected from sunlight and atmospheric oxygen. 

6.4 In instances where analysis cannot be performed within 2 hr from 
time of sampling, the sample is acidified (pH < 2) with HCl or H2SO4. 

7.0 PROCEDURE 

7.1 Homogenize the sample in a blender. 
NOTE: To avoid erroneously high results, inorganic carbon must be 

accounted for. The preferred method is to measure total carbon and 
inorganic carbon and to obtain the organic carbon by subtraction. 
If this is not possible, follow Steps 7.2 and 7.3 prior to analysis: 
however, volatile organic carbon may be lost. 

7.2 Lower the pH of the sample to 2. 

7.3 Purge the sample with nitrogen for 10 min. 

7.4 Follow instrument manufacturer's instructions for calibration, 
procedure, and calculations. 

7.5 For calibration of the instrument, a series of standards should be 
used that encompasses the expected concentration range of the samples. 
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7.6 Quadruplicate analysis is required. Report both the average and the 
range. 

8.0 QUALITY CONTROL 

8.1, All quality control data should be maintained and available for easy 
reference or inspection. 

8.2 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.3 Verify calibration with an independently prepared check standard 
every 15 samples. 

8.4 Run one spike duplicate sample for every 10 samples. A duplicate 
sample is a sample brought through the whole sample preparation and analytical 
process. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 415.1 of Methods 
for Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

Annual Book of ASTM Standards, Part 31, "Water," Standard D 2574-79, 
;: 469 (1976). 

Standard Methods for the Examination of Water and Wastewater, 14th ed., 
i: 532, Method 505 (1975). 
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8.0 QUALITY CONTROL 

8.1 All quality control data must be maintained and available for easy 
reference or inspection. 

8.2 All pH determinations must be performed in duplicate. 

8.3 Each batch of pH paper must be calibrated versus certified pH 
buffers or a pH meter which has been calibrated with certified pH buffers. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None required. 
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METHOD 8040 

PHENOLS 

1.0 SCOPE AND APPLICATION 

1.1 Method 8040 is used to determine the concentration of varlous 
phenolic compounds. Table 1 indicates compounds that may be analyzed by this 
method and lists the method detection limit for each compound in reagent 
water. Table 2 lists the practical quantitation limit (PQL) for other 
matrices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8040 provides gas chromatographic conditions for the 
detection of phenolic compounds. Prior to analysis, samples must be extracted 
using appropriate techniques (see Chapter Two for guidance). Both neat and 
diluted organic liquids (Method 3580, Waste Dilution) may be analyzed by 
direct injection. A 2- to 5-uL sample is injected into a gas chromatograph 
using the solvent flush technique, and compounds in the GC effluent are 
detected by a flame ionization detector (FID). 

2.2 Method 8040 also provides for the preparation of pentafluorobenzyl- 
bromide (PFB) derivatives, with additional cleanup procedures for electron 
capture gas chromatography. This is to reduce detection limits of some 
phenols and to aid the analyst in the elimination of interferences. 

3.0 INTERFERENCES 

3.1 Refer to Methods 3500, 3600, and 8000. 

may 
3.2 Solvents, reagents, glasswarein;;gr other sample processing hardware 
yield discrete artifacts elevated baselines causing 

misinterpretation of gas chromatograms. All these materials must be 
demonstrated to be free from interferences, under the conditions of the 
analysis, by running method blanks. Specific selection of reagents and 
purification of solvents by distillation in all-glass systems may be required. 

3.3 Interferences coextracted from samples will vary considerably from 
source to source, depending upon the waste being sampled. Although general 
cleanup techniques are recoinsended as part of this method, unique samples may 
require additional cleanup. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: 

4.1.1 Gas Chromatograph: Analytical system complete with gas 
chromatograph suitable for on-column injections and all required 
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TABLE 1. FLAME IONIZATION GAS CHROMATOGRAPHY OF PHENOLS 

Method 
Retention time Detection 

Compound bin) limit (ug/L) 

2-set-Butyl-4,6-dinitrophenol (ONBP) 
4-Chloro-3-methylphenol 
2-Chlorophenol 
Cresols (methyl phenols) 
2-Cyclohexyl-4,6-dinitrophenol 
2,4-Oichlorophenol 
2,6-Oichlorophenol 
2,4-Oimethylphenol 
2,4-Oinitrophenol 
2-Methyl-4,6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
Tetrachlorophenols 
Trichlorophenols 
2,4,6-Trichlorophenol 

7.50 0.36 
1.70 0.31 

4.30 0.39 

4.03 0.32 
10.00 13.0 
10.24 16.0 
2.00 0.45 

24.25 2.8 
12.42 7.4 

3.01 0.14 

6.05 0.64 

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICES" 

Matrix Factorb 

Ground water 
Low-level soil by sonication with GPC cleanup 
High-level soil and sludges by sonication 
Non-water miscible waste 

6;: 
10,000 

100,000 

"Sample PQLs are highly matrix-dependent. The PQLs listed herein are 
provided for guidance and may not always be achievable. 

bPGL = [Method detection limit (Table 1)] X [Factor (Table 2)]. For non- 
aqueous samples, the factor is on a wet-weight basis. 
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accessories, including detectors, column supplies, recorder, gases, and 
syringes. A data system for measuring peak areas and/or peak heights is 
recommended. 

4.1.2 Columns: 

4.1.2.1 Column for underivatized phenols: 1.8-m x 2.0-m 1.0. 
glass column packed with 1% SP-12400A on Supelcoport 80/100 mesh or 
equivalent. 

4.1.2.2 Column for derivatized phenols: 1.8-m x 2-mm 1.0. 
glass column packed with 5% OV-17 on Chromosorb W-AU-OMCS SO/l00 
mesh or equivalent. 

4.1.3 Detectors: 
(ECO). 

Flame ionization (FIO) and electron capture 

4.2 Reaction vial: 20-mL, with Teflon-lined cap. 

4.3 Volumetric flask: lo-, 50-, and lOO-mL, ground-glass stopper. 

4.4 Kuderna-Danish (K-O) apparatus: 

4.4.1 Concentrator tube: 
equivalent). 

IO-mL, graduated (Kontes K-,570050-1025 or 
Ground-glass stopper is used to prevent evaporation of 

extracts 

4.4.2 Evaporation flask: 500-mL (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs. 

4.4.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or 
equivalent). 

4.4.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or 
equivalent). 

4.5 Boiling chips: Solvent extracted, approximately lo/40 mesh (silicon 
carbide or equivalent). 

4.6 Water bath: Heated, with concentric 
temperature control (25.C). The bath should be used 

4.7 Microsyringe: IO-uL. 

4.8 Syringe: 5-mL. 

5.0 REAGENTS 

ring cover, capable of 
in a hood. 

5.1 Solvents: Hexane, 2-propanol, 
equivalent). 

and toluene (pesticide quality or 
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5.2 Oerivatization reagent: Add 1 mL pentafluorobenzyl bromide and I g 
18-crown-6-ether to a 50-mL volumetric flask and dilute to volume with Z- 
propanol. Prepare fresh weekly. This operation should be carried out in a 
hood. Store at 4'C and protect from light. 

5.2.1 Pentafluorobenzyl bromide (alpha-Bromopentafluorotoluene): 
97% minimum purity. 

NOTE: This chemical is a lachrymator. 

5.2.2 18-crown-6-ether 
98% minimum purity. 

(1,4,7,10,13,16-Hexaoxacyclooctadecane): 

NOTE: This chemical is highly toxic. 

5.3 Potassium carbonate: (ACS) Powdered. 

5.4 Stock standard solutions: 

5.4.1 Prepare stock standard solution at a concentration of 1.00 
ug/uL by dissolving 0.0100 g of assayed reference material in 2-propanol 
and diluting to volume in a lo-mL volumetric flask. Larger volumes can 
be used at the convenience of the analyst. When compound purity is 
assayed to be 96% or greater, the weight can be used without correction 
to calculate the concentration of the stock standard. Commercially 
prepared stock standards can be used at any concentration if they are 
certified by the manufacturer or by an independent source. 

5.4.2 Transfer the stock standard solutions into Teflon-sealed 
screw-cap bottles. Store at 4.C and protect from light. Stock standards 
should be checked frequently for signs of degradation or evaporation, 
especially just prior to preparing calibration standards from them. 

5.4.3 Stock standard solutions must be replaced after one year, or 
sooner if comparison with check standards indicates a problem. 

5.5 Calibration standards: Calibration standards at a minimum of five 
concentration levels should be prepared through dilution of the stock 
standards with 2-propanol. One of the concentration levels should be at a 
concentration near, but above, the method detection limit. The remaining 
concentration levels should correspond to the expected range of concentrations 
found in real samples or should define the working range of the GC. 
Calibration solutions must be replaced after six months, or sooner, if 
comparison with check standards indicates a problem. 

5.6 Internal standards (if internal standard calibration is used): To 
use this approach, the analyst must select one or more internal standards that 
are similar in analytical behavior to the compounds of interest. The analyst 
must further demonstrate that the measurement of the internal standard is not 
affected by method or matrix interferences. Because of these limitations, no 
internal standard can be suggested that is applicable to all samples. 

5.6.1 Prepare calibration standards at a minimum of five 
concentrations for each analyte as described in Paragraph 5.5. 
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5.6.2 To each calibration standard, add a known constant amount of 
one or more internal standards, and dilute to volume with 2-propanol. 

5.6.3 Analyze each calibration standard according to Section 7.0. 

5.7 Surrogate standards: The analyst should monitor the performance of 
the extraction, cleanup (if necessary), and analytical system and the 
effectiveness of the method in dealing with each sample matrix by spiking peach 
sample, standard, and reagent water blank with phenolic surrogates (e.g., 2- 
fluorophenol and 2,4,6-tribromophenol) recommended to encompass the range of 
the temperature program used in this method. Method 3500, Section 5.3.1.1, 
details instructions on the preparation of acid surrogates. Oeuterated 
analogs of analytes should not be used as surrogates for gas chromatographic 
analysis due to coelution problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material. to this chapter, Organic Analytes, 
Section 4.1. Extracts must be stored under refrigeration and analyzed within 
40 days of extraction. 

7.0 PROCEDURE 

7.1 Extraction: 

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate 
extraction procedure, In general, water samples are extracted at a pH of 
less than or equal to 2 with methylene chloride, using elther Method 3510 
or 3520. Solid samples are extracted using either Method 3540 or 3550. 
Extracts obtained from application of either Method 3540 or 3550 should 
undergo Acid-Base Partition Cleanup, using Method 3650. 

7.1.2 Prior to gas chromatographic analysis, the extraction solvent 
must be exchanged to 2-propanol. The exchange is performed during the 
micro K-O procedures listed in all of the extraction methods. The 
exchange is performed as follows. 

7.1.2.1 Following K-O of the extract to 1 mL using the macro- 
Snyder column, allow the apparatus to cool and drain for at least 10 
min. 

7.1.2.2 Increase the temperature of the hot water bath to 
95-1OO'C. Remove the Snyder column and rinse the flask and its 
lower joint into the concentrator tube with l-2 mL of 2-propanol. A 
5-mL syringe is recommended for this operation. Add one or two 
clean boiling chips to the concentrator tube and attach a two-ball 
micro-Snyder column. Prewet the column by adding about 0.5 mL of 2- 
propanol to the top. Place the K-O apparatus on the water bath so 
that the concentrator tube is partially immersed in the hot water. 
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Adjust the vertical position of the apparatus and the water 
temperature, as required, to complete concentration in 5-10 min. At 
the proper rate of distillation the balls of the column will 
actively chatter, but the chambers will not flood. When the 
apparent volume of liquid reaches 2.5 mL, remove the K-O apparatus 
and allow it to drain and cool for at least 10 min. Add an 
additional 2 mL of 2-propanol , add one or two clean boiling chips 
to the concentrator tube, and resume concentrating as before. When 
the apparent volume of liquid reaches 0.5 mL, remove the K-O 
apparatus and allow it to drain and cool for at least 10 min. 

7.1.2.3 Remove the micro-Snyder column and rinse its lower 
joint into the concentrator tube with a minimum amount of 2- 
propanol. Adjust the extract volume to 1.0 mL. Stopper the 
concentrator tube and store refrigerated at 4'C if further 
processing will not be performed immediately. If the extract will 
be stored longer than two days, it should be transferred to a 
Teflon-sealed screw-cap vial. If the extract requires no further 
derivatization or cleanup, proceed with gas chromatographic 
analysis. 

7.2 Gas chromatography conditions (Recosnsended): 

7.2.1 Column for underivatlzed phenols: Set nitrogen gas flow at 
30 mL/mln flow rate. Set column temperature at 80.C and immediately 
program an 8'C/min temperature rise to 150Y; hold until all compounds 
have eluted. 

7.2.2 Column for derivatlzed phenols: Set 5% methane/95% argon gas 
flow at 30 mL/min flow rate. Set column temperature at 200'C isothermal. 

7.3 Calibration: Refer to Method 8000 for proper calibration 
techniques. Use TabT'e 1 and especially Table 2 for guidance on selecting the 
lowest point on the calibration curve. 

7.3.1 The procedure for internal or external calibration may be 
used for the underivatized phenols. Refer to Method 8000 for a 
description of each of these procedures. If derivatization of the 
phenols is required, the method of external calibration should be used by 
injecting five or more levels of calibration standards that have also 
undergone derivatization and cleanup prior to instrument calibration. 

7.4 Gas chromatographic analysis: 

7.4.1 Refer to Method 8000. If the internal standard calibration 
technique is used, add 10 uL of internal standard to the sample prior to 
injection. 

7.4.2 Phenols are to be determined on a gas chromatograph equipped 
with a flame ionization detector according to the conditions listed for 
the 1% SP-12400A column (Paragraph 7.2.1). Table 1 summarizes estimated 
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retention times and sensitivities that should be achieved by this method 
for clean water samples. Practical quantitation limits for other 
matrices are list in Table 2. 

7.4.3 Follow Section 7.6 in Method 8000 for instructions on the 
analysis sequence, appropriate dilutions, establishing daily retention 
time windows, and identification criteria. Include a mid-level standard 
after each group of 10 samples in the analysis sequence. 

7.4.4 An example of a GC/F10 chromatogram for certain henols is 
shown in Figure 1. Other packed or capillary (open-tubular P columns, 
chromatographic conditions, or detectors may be used if the requirements 
of Section 8.2 are met. 

7.4.5 Record the sample volume injected and the resulting peak 
sizes (in area units or peak heights). 

7.4.6 Using either the internal or external calibration procedure 
(Method 8000), determine the identity and quantity of each component peak 
in the sample chromatogram which corresponds to the compounds used for 
calibration purposes. See Section 7.8 of Method 8000 for calculation 
equations. 

7.4.7 If peak detection using the SP-1240DA column with the flame 
ionization detector is prevented by interferences, PFB derivatives of the 
phenols should be analyzed on a gas chromatograph equipped with an 
electron capture detector according to the conditions listed for the 5% 
OV-17 column (Paragraph 7.2.2). The derivatization and cleanup procedure 
is outlined in Sections 7.5 through 7.6. Table 3 sumnarizes estimated 
retention times for derivatives of some phenols using the conditions of 
this method. 

7.4.8 Figure 2 shows a GC/EC0 chromatogram of PFB derivatives of 
certain phenols. 

7.4.9 Record the sample volume injected and the resulting peak 
sizes (in area units or peak heights). 

7.4.10 Determine the identity and quantity of each component peak 
in the sample chromatogram which corresponds to the compounds used for 
calibration purposes. The method of external calibration should be used 
(see Method 8000 for guidance). The concentration of the individual 
compounds in the sample is calculated as follows. 

Concentration (us/L) = C(A)(Vt)(B)(O)l/C(Vi)(X)(C)(E)l 

where: 

A = Mass of underivatized phenol represented by area of peak in sample 
chromatogram, determined from calibration curve (see Method 8000 
Paragraph 7.4.2), ng. 
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TABLE 3. ELECTRON CAPTURE GAS CHROMATOGRAPHY OF PFB DERIVATIVES 

Parent compound 

Retention Method 
time detection 
bin) limit (g/L) 

4-Chloro-2-methylphenol 
2-Chlorophenol 
2,4-Oichlorophenol 
2,4-Oimethylphenol 
2,4-Oinitrophenol 
2-Methyl-4,6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 

i:! ::!8 
2: 0.68 

0.63 
46:9 
36.6 
1::; 0.77 

0.70 
28.8 0.59 

::: :::B 
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Vt = Total amount of column eluate or combined fractions from which Vi 
was taken, UC. 

B = Total volume of hexane added in Paragraph 7.5.5, mL. 

0 = Total volume of 2-propanol extract prior to derivatization, mL. 

Vi = Volume injected, uL. 

X = Volume of water extracted, mL, or weight of nonaqueous sample 
extracted, g, from Section 7.1. Either the dry or wet weight of 
the nonaqueous sample may be used, depending upon the specific 
application of the data. 

C = Volume of hexane sample solution added to cleanup column (Method 
3630, Section 7.2), mL. 

E = Volume of 2-propanol extract carried through derivatization in 
Paragraph 7.5.1, mL. 

7.5 Oerivatization: If interferences prevent measurement of peak area 
during analysis of the extract bindflame ionization gas chromatography, the 
phenols must be derivatized analyzed by electron capture gas 
chromatography. 

7.5.1 Pipet a l.O-mL aliquot of the 2-propanol stock standard 
solution or of the sample extract into a glass reaction vial. Add 1.0 mL 
derivatization reagent (Paragraph 5.3). This amount of reagent is 
sufficient to derivatize a solution whose total phenolic content does not 
exceed 0.3 mg/mL. 

7.5.2 Add approximately 3 mg of potassium carbonate to the solution 
and shake gently. 

7.5.3 Cap the mixture and heat it for 4 hr at 8O'C in a hot water 
bath. 

7.5.4 Remove the solution from the hot water bath and allow it to 
cool. 

7.5.5 Add 10 mL hexane to the reaction vial and shake vigorously 
for 1 min. Add 3.0 mL distilled, deionized water to the reaction vial 
and shake for 2 min. 

7.5.6 Decant the organic layer into a concentrator tube and cap 
with a glass stopper. Proceed with cleanup procedure. 

7.6 Cleanup: 

7.6.1 Cleanup of the derivatized extracts takes place using Method 
3630 (Silica Gel Cleanup), in which specific instructions for cleanup of 
the derivatized phenols appear. 
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7.6.2 Following column cleanup, analyze the samples using GC/ECO, 
as described starting in Paragraph 7.4.7. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures. 
Quality control to validate sample extraction is covered in Method 3500 and in 
the extraction method used. If extract cleanup was performed, follow the QC 
in Method 3600 and in the specific cleanup method. 

8.2 Procedures to check the GC system operation are found in Method 
8000, Section 8.6. 

8.2.1 The quality control check sample concentrate (Method 8000, 
Section 8.6) should contain each analyte of interest at a concentration 
of 100 ug/mL in 2-propanol. 

8.2.2 Table 4 indicates the calibration and QC acceptance criteria 
for this method. Table 5 gives method accuracy and precision as 
functions of concentration for the analytes. The contents of both Tables 
should be used to evaluate a laboratory's ability to perform and generate 
acceptable data by this method. 

8.3 Calculate surrogate standard recovery on all samples, blanks, and 
spikes. Determine if the recovery is within limits (limits established by 
performing QC procedures outlined in Method 8000, Section 8.10). 

8.3.1 If recovery is not within limits, the following is required. 

* Check to be sure there are no errors in calculations, 
surrogate solutions and internal standards. Also, check 
instrument performance. 

* Recalculate the data and/or reanalyze the extract if any of 
the above checks reveal a problem. 

* Reextract and reanalyze the sample if none of the above are 
a problem or flag the data as "estimated concentration." 

9.0 METHOD PERFORMANCE 

9.1 The method was tested by 20 laboratories using reagent water, 
drinking water, surface water, and three industrial wastewaters spiked at six 
concentrations over the range 12 to 450 ug/L. Single operator precision, 
overall precision, and method accuracy were found to be directly related to 
the concentration of the analyte and essentially independent of the sample 
matrix. Linear equations to describe these relationships for a flame 
ionization detector are presented in Table 5. 
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9.2 The accuracy and precision obtained will be affected by the sample 
matrix, sample-preparation technique, and calibration procedures used. 
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TABLE 4. QC ACCEPTANCE CRITERIAa 

Parameter 

Test Limit 
cont. for s 
(&l/L) (w/L) 

Range 
for X 
(ug/L) 

Range 
p, p, 

0) 

4-Chloro-3-methylphenol 100 16.6 56.7-113.4 99-122 
2-Chlorophenol 100 27.0 54.1-110.2 38-126 
2,4-Oichlorophenol 100 25.1 59.7-103.3 44-119 
2,4-Oimethylphenol 100 33.3 50.4-100.0 24-118 
4,6-Oinitro-2-methylphenol 100 25.0 42.4-123.6 30-136 
2,4-Dinitrophenol 100 36.0 31.7-125.1 12-145 
2-Nitrophenol 100 22.5 56.6-103.8 43-117 
4-Nitrophenol 100 19.0 22.7-100.0 13-110 
Pentachlorophenol 100 32.4 56.7-113.5 36-134 
Phenol 100 14.1 32.4-100.0 23-108 
2,4,6-Trichlorophenol 100 16.6 60.8-110.4 53-119 

s = Standard deviation of four recovery measurements, in ug/L. 

X = Average recovery for four recovery measurements, in ug/L. 

P, P, = Percent recovery measured. 

aCriteria from 40 CFR Part 136 for Method 604. These criteria are based 
directly upon the method performance data in Table 5. Where necessary, the 
limits for recovery have been broadened to assure applicability of the limits 
to concentrations below those used to develop Table 5. 
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TABLE 5. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Parameter 

Accuracy, as 
recovery, x' 

(w/L) 

Single analyst Overall 
precision, spa 

(WL) 
precision, 

S' (ug/L) 

4-Chloro-3-methylphenol O.B7C-I.97 
2-Chlorophenol O.B3C-0.84 
2,4-Dichlorophenol O.BlC+O.48 
2,4JJimethylphenol 0.62C-1.64 
4,6-Dinitro-2-methylpheno I1 0.84C-1.01 
2,4-Dtnltrophenol 0.8OC-1.58 
2-Nitrophenol 0.81C-0.76 
4-Nitrophenol 0.46CtO.18 
Pentachlorophenol 0.83C+2.07 
Phenol 0.43c+o.11 
2,4,6-Trichlorophenol 0.86C-0.40 

0.11X-0.21 
0.18X+0.20 
0.17x-0.02 
0.30X-0.89 
0.15X+1.25 
0.27x-1.15 
0.15x+0.44 
0.17x+2.43 
0.22X-0.58 
0.20X-0.88 
0.10x+0.53 

0.16X+1.41 
0.21x+0.75 
0.18X+0.62 
0.25X+0.48 
0.19X+5.85 
0.29X+4.51 
0.14X+3.84 
0.19x+4.79 
0.23x+0.57 
0.17x+0.77 
0.13x+2.40 

X’ = Expected recovery for one or more measurements of a sample 
containing a concentration of C, in ug/L. 

sr' = Expected single analyst standard deviation of measurements at an 
average concentration of X, in ug/L. 

S' = Expected interlaboratory standard deviation of measurements at an 
average concentration found of X, in ug/L. 

C = True value for the concentration, in ug/L. 

x = Average recovery found for measurements of samples containing a 
concentration of C, in ug/L. 

"From 40 CFR Part 136 for Method 604. 
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LAND DISPOSAL RESTRICTIONS 
S-792 

161:2213 

(e) The Administrator will give public 
notice in the Federsi Register of the intent 
to approve or deny a petition and provide 
a” opportunity for public comment. The 
final decision on a variance from a treat- 
ment standard will be published in the 
Federal Register. 

(0 A generator. treatment facility. or 
disposal facility that is managing a waste 
covered by a variance from the treatment 
standards must comply with the waste 
analysis requirements for restricted wastes 
found under 8268.7. 

(g) During the Petition review process, 
the applicant is required to comply with 
all restrictions on land disposal under this 
part once the ctTcctivc date for the waste 
has been reached. 

Subpart E-Prohibitions on Stage 

[Subpart E added by 51 FR 40636. No- 
vember 7. 19861 

(3) A transporter stores manifested 
. shipments of such wastes at a transfer #Z&%.50 Prohibitions on stnrsge of re 

facility for IO days or less. stricted wsstes. 
[a] Except 8s provided in this section. 

the storage of hazardous wastes 
restricted from land disposal under 
Subpart C of this part of RCRA section 
a004 is prohibited. unless the following 
conditions are mel: 

[268.50(a) introductory paragraph 
corrected by 52 FR 21014, June 4, 1987; 
amended by 52 FR 25787, July 8. 19871 

(I) A generator stores such wastes in 
tanks or containers onsite solely for the 
purpose of the accumulation of such 
quantities of hazardous waste as necessary 
to facilitate proper recovery, treatment. or 
disposal and the generator complies with 
the requirements in $262.34 of this 
chapter. (A generator who is in existence 
on the etTcctive date of s regulation under 
this part and who must store hazardous 
wastes for longer than 90 days due to the 
regulations under this Part becomes a” 
owner/operator of a storage facility and 
must obtain a RCRA Permit. Such a 
facility may qualify for interim status 
upon compliance with the regulations 
governing interim status under 40 CFR 
270.70). 

[26850(a)(l) corrected by 52 FR 21014. 
June 4. 19871 

(21 An owner/operator of a 
hazardous waste treatment. storage. or 
disposal facility stores such wastes in 
tanks or containers solely for the 
purpose of the accumulation of such 
quantities of hazardous waste us 
necessary to facilitate proper recovery 
treatment. or dispossl and: 

(i) Each container is clearly marked 
to identify its contents and the date each 
period of accumulation begins; 

(ii) Each tank is clearly marked with 
B description of its contents. the 
quantity of each hazardous waste 
received. and the date each period of 
accumulation begins. or such 
information for each tank is recorded 
and maintained in the operating record 
at that facility. Regardless of whether 
the tank itself is marked. sn owner/ 
operator must comply with the operating 
record requirements specified in I gawa 
or D 2e5.73. 

[268.50(a)(2) revised by 52 FR 21014. 
June 4. 19873 

[26850(a)(3) corrected by 52 FR 21014, 
June 4. I9871 

(b) An owner/operator of a treatment. 
storage or disposal facility may store such 
wastes for up to one year unless the Agen- 
ey can demonstrate that such storage was 
not solely for the purpose of accumulation 
of such quantities of hazardous waste as 
are necessary to facilitate proper recovery, 
treatment. or disposal. 

(c) An owner/operator of a treatment. 
storage or disposal facility may store such 
wastes beyond one year; however, the ow- 
ner/operator bears the burden of proving 
that such storage was solely for the pur. 
pose of accumulation of such quantities of 
hazardous wste ss are necessary to facili- 
tate propcr recovery, treatment. or 
disposal. 

(d) The prohibition in paragraph (a) of 
this section does not apply to the wsstes 
which are the subject of a” approved peti- 
tion under $268.6 or s nationwide 
variance contained in Subpart C of this 
part or an approved case-by-case extension 
under 8268.5 
[26850(d) corrected by 52 FR 21014, 
June 4. 19871 
[268.50(e) revised and(f) added by 52 FR 
25787, July 8. 19873 

(e) The prohibition in paragraph [a) of 
this section does not apply to hazardous 
wstes that meet the treatment 
standards specified under .I% 268.41. 
~68.4~. and 268.43 or the treatment 
standards specified under the variance 
in I 268.44. or. where treatment 
standards have not been specified, is in 
compliance with the applicable 
prohibitions specified in I268.32 or 
RCRA section 3004. 

[f) Liquid hazardous wastes 
containing polychlorinated biphcnyls 
(PCBs) at concentrations greeter than or 
equal to 50 ppm must be stored at a 
facility that meets the requirements of 
40 CFR 761.65(b) and must be removed 
from storage and treated or disposed ss 
required by this port within one year of 
the date when such westes are first 
placed into storage. The provisions of 
pirragraph (cl of this section do not 
apply to such PCB wastes prohibited 
under I 288.32 of this part 

Appendix I to Psrt 268 - Toxicity Cbsr- 
scterlstic Imching Procedure flCLP) 

[Appendix I added by 51 FR 40636, No 
vember 7. 19861 

I.0 SCOPE AND APPLICATION 
I. I The TCLP is designed to determine 

the mobility of both organic and inorganic 
contaminan(s present in liquid, solid, and 
multiphasic wastes. 

1.2 If a total analysis of the waste dem- 
onstrates that individual contaminants are 
not present in the waste, or that they are 
present but at such low concentrations 
that the appropriate regulatory thresholds 
could not possibly be exceeded, the TCLP 
need not be run. 

2.0 SUMMARY OF METHOD (see Fig 
urc I) 

2.1 For liquid wastes (i.e.. those con- 
taining insignificant solid material), the 
wsste, after filtration through a 0.6- to 
0.8.urn glass liber filter, is defined as the 
TCLP extract. 

2.2 For wastes comprised of solids or for 
wastes containing significant amounts of 
solid material, the particle-size of the 
waste is reduced (if necessary), the liquid 
phase, if any. is separated from the solid 
phase and stored for later analysis. The 
solid phase is extracted with an amount of 
extraction fluid equal to 20 times the 
weight of the solid phase. The extraction 
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fluid employed is a function of the alkali”- 
iry of the solid phase of the wade. A 
special extractor vcsscl is used when test- 
ing for v&tiles (See Table I). Following 
extraction, the liquid extract is separated 
from the solid phaw by 0.6. to 0.8-u” 
glass fiba filter filtration. 

2.3 If compatible (i.e.. multiple phases 
will not form on combination). the initial 
liquid phase of the waste is added to the 
liquid extract. and these liquids are a”a- 
lpd together. If incompatible. the liquids 
arc analyzed separately and the results are 
mathematically combined to yield a VOI- 
“me-weighted average concentration. 

3.0 lNTERfERENCES 
3. I Potential interferences that may be 

e”cou”tered during analysis are discussed 
i” the individual analytical methcds. 

4.0 APPARATUS AND MATERIALS 
4.i Agtrurion appwrlus: A” acceptable 

agitation apparatus is one which is capa* 
ble of rotating the extractiao vessel in an 
end-over-end fashion (See Figure 2) at 30 
* 2 rpm. Suitable devices know” to EPA 
arc identified in Table 2. 

4.1 E.xrraclion Vessel: 
4.2. I ZeroHcadspace Extraction Vessel 

(ZHE). This device is for use on/j’ who” 
the waste is being tested for the mobility 
of volatile constituents (sue Table I). The 
ZHE is an extraction vessel that allows for 
liquid/solid reparation within the device. 
and which cffcctively precludes headspace 
(as depicted in Figure 3). This type Of 
vessel allows for initial liquid/solid separa- 
tie”. extraction, and final extract filtration 
without having to open the vessel (set Step 
4.3.1). These vessels shall have a” internal 
volume of 500 to 600 ml. and be equipped 
to accommodate a 9Omm filter. Suitable 
ZHE devices know” to EPA arc identified 
in Table 3. These devices contain viton @ 
rings which should bc replaced trqucntly. 

For the ZHE to bc acccptablc for “se. 
the piston within the ZHE should bc able 
to Lx moved with approximately 15 psi or 
less. If it takes more prcsaurc to move the 
piston, the G-rings in the device should be 
replaced. If this dots not solve the prob 
lem: the ZHE is unacceptable for TCLP 
analysis and the manufacturw should k 
contacted. 

The ZHE rbould bt checked after cvcry 
extraction. If the device contains a built-in 

pressure gauge, prcwrizc the device to 50 
psi. allow it to stand unattended for I 
hour, and recheck the pressure. If the 
d&e docn not have a built-i” presswe 
gauge. presswire the device to 50 psi, 
submerge it in water. and check for the 
prcscnce of air bubbles escaping from any 
of the fittings. If prcsssurc is lost. chock all 
fittings and inspcct and replace @rings, if 
nemsary. Retest the device. If leakage 
problems cannot be s&cd, the manufac- 
turer should bc cootacted. 

4.2.2 When the wstc is being evaluated 
for other than volatile contamiaanrs, an 
extraction vessel that dots not preclude 
headspace (e.g.. a 2-liter bottlej is used. 
Suitable extraction verseIs include bottles 
made from various materials, depending 
on the contaminants to be analyzed and 
the nature of the waste (see Step 4.3.3) I1 
is recommended that baasilicate glass 
bottles bc used over other tyypes of glass. 
especially when inorganics are of conccr”. 
Plastic battles may be used only if inor- 
ganics are to be investigated Bottles arc 
available from a number of laboratory 
suppliers. When this type of extraction 
vessel is used, the f&ration device dis- 
cussed in Step 4.3.2 is used for initial 
liquid/solid separation and final extract 
hltration. 

4.2.3 Some ZHEs use gas prcrrure to 
actuate the ZHE piston, while others use 
mechanical prcssun (see Table 3). 
Whereas the v&tiles procedure (SCC SCC- 
tio” 9.0) refers to pounds-per-square inch 
(psi), for the mechanically actuated pis- 
ton, the prcwtc applied is measured in 
torque-inch-pounds. Refer to the manufac- 
turer’s instructions as to the proper 
conversion. 

4.3 Filtration Dcviccsr It is recommend- 
ed that all F&rations be pcrformcd in B 
hood. 

4.3.1 Zer+Hcadspacc Extractor V-1 
(see Figure 3): When the waste is being 
cvaluatcd for volatiles. the zero.headspacz 
extraction vcsxl is used for filtration. The 
device shall be capable of suupporting and 
keeping in place the glass hbe? filter and 
bc able to withstand the pressure needed 
to accomplish scpsratio” (50 psi). 

Note. - When it is suspwted that the 
glass F&r filter has been ruptured, B” in- 
line glass hbcr filter may be used to filter 
the material within the ZHE. 

4.3.2. Filter Holder: When the waste is 
being evaluated for other than volatile 
compounds, a filter holder capable of SUP 
porting a glass fibcr filter and able to 
withstand the prsssure needed to aworn- 
plish separation is used. Suitable filter 
holders range from simple vacuum units to 
relatively complex systems capable of CX. 
crting prcssurcs of up to 50 psi or mwc. 
The type of filter holder used depends on 
the properties of the material to be Altered 
(see Step 4.3.3). There devices shall have 
a minimum internal volume of 3W mL and 
be equipped to accommodate a minimum 
filler size of 47 mm (Filter holders having 
an interna) capacity of 1 SL or greater and 
equipped to accommodate at 142 mm di- 
ameter filter are recommended). Vacuum 
filtration is only recommended for wastc~ 
with low solids content (<IO%) and for 
highly granular (liquid-containing) 
w~stcs. All other types of wastes should bc 
filtered using positive pressure filtration. 
Filter holders known to EPA to be suitable 
for use arc shown in Table 4. 

43.3 Materials of Construction: 
Extraction vessels and filtration devices 
shall be made of inert materials which will 
not leach or absorb wasts components. 
Glass, polytctrafluorocthylcne (PTFE), or 
type 316 stainlw steel equipment may be 
used when evaluating the mobility of both 
organic and inorganic components. De- 
vices made of high-density polyethylene 
(HDPE) polypropylene. or polyvinyl chle 
ride may bc used only when evaluating the 
mobility of metals. Borosilicatc glass hot- 
tics are recommended for use over other 
types of glass bottles, especially when inor- 
ganics and constituents of conccm. 

4.4 Filters: Filters shall b-c made of 
twosilicate glass Gbcr. shall contain no 
binder materials, and shall have a” effec- 
tive pore sire of O.& to 0.8.urn, or cquiv- 
alcnt. Filters known to EPA to meet there 
spccifrcations arc identified in Table 5. 
Pre-filters must not be used. When cvalu. 
sting the mobility of metals, filters shall 
be acid-washed prior to use by rinsing with 
I .O N nitric acid followed by three con- 
scwtivc rirxscs with deionized distilled wa- 
ter (a minimum of 1-L per rinse is rccom- 
mcndcd). Glass fiber filters are fragile and 
should bc handled with cart. 

4.5 pH rrrere~s.’ Any of the commonly 
wailable pH man arc acceptable. 

4.6 ZHE em(~cf collection devices: 
TEDLAR* bags or glass. stainless steel or 



LAND DISPOSAL RESTRICTIONS 
s-792 

161:2215 

~TFE gas tight syringes are used to COI- 
lect the initial liquid phase and the final 
CWX~ OF the waste when using the ZHE 
device. The devices listed are recommend- 
ed for use under the following conditions. 

4 6.1 If a waste contains an aqueous 
liquid phase or if a waste does not contain 
a ,igniticant amount of non-aqueous liquid 
(i.e.. ~1% of total waste). the TEDLAR” 
bag should be used to collect and combine 
the initial liquid and solid extract. The 
syringe is not recommended in these cases. 

4.6.2 If a waste contains a significant 
amount of non-aqueous initial liquid phase 
(i.e.. > I% of total waste). the syringe or 
the TEDLAR- bag may be used for both 
the initial solid/liquid separation and the 
fma, extract filtration. However. analysts 
should use one or the other, not both. 

4.6.3 If the waste contains no initial 
liquid phase (is 100% solid) or has no 
significant solid phase (is 100% liquid). 
either the TEDLAR” hag or the syringe 
may be used. If the syringe is used, dis- 
card the first 5 mL of liquid expressed 
from the device. The remaining aliquots 
are used for analysis. 

4.7 ZHE exlracfion fluid from/e? de- 
vices: Any device capable of transferring 
the extraction fluid into the ZHE without 
changing the nature of the extraction fluid 
is acceptable (e.g.. a constant displace- 
ment pump. a gas tight syringe. pressure 
filtration until (See Step 4.3.2), or another 
ZHE device) 

4.8 Lnbororory balance: Any laboratory 
balance accurate to within +O.Ol grains 
may be used (all weight measurements are 
to be within k0.l grams). 

5.0 REAGENTS 
5.1. Reagent wwler: Reagent waster is 

defined as water in which an interference 
is not observed at or above the method 
detection limit of the analyte(s) of inter. 
est. For non-volatile extractions, ASTM 
Type II water. or equivalent meets the 
definition of reagent water. For volatile 
extractions, it is recommended that rea- 
gent water be generated by any of the 
following methods. Reagent water should 
be monitored pericdically for impurities. 

5.1.1 Reagent water for volatile cxtrac- 
tions may be generated by passing tap 
water through a carbon filter bed contain- 
ing about 500 grams of activated carbon 
(Calgon Corp., Filtrasorb-300 or 
equivalent). 

5.1.2 A water purification system (Mil- 
lipore Super-Q or equivalent) may *ISO be 
used to generate reagent water for volatile 
extractvxls. 

5. I .3 Reagent water for volatile extrac- 
tions may also be prepared by boiling 
water for I5 minutes. Subsequently, while 
maintaining the water temperature at 90 
? 5OC. bubble a contaminant-free inert 
gas (e.g.. nitrogen) through the water for 
I hour. While still hot, transfer the water 
to a narrow mouth screw-zap bottle under 
zero-headspace and seal with a Teflon- 
lined septum and cap. 

5.2 1.0 N Hydrochloric acid (HCI) 
made from ACS reagent grade. 

5.3 1.0 N Nitric acid (HNO,) made 
from ACS reagent grade. 

5.4 1.0 N Sodium hydroxide (NaOH) 
made from ACS reagent grade. 

5.5 Glacial acetic acid (HOAc) ACS 
reagent grade. 

5.6 Extrnction/7uid: 
5.6.1 Extraction fluid #I : This~ Huid is 

made by adding 5.7 mL glacial HOAc to 
500 mL of the appropriate water (see Step 
5.1). adding 64.3 mL of 1.0 N NaOH. and 
diluting to a volume of I liter. When 
correctly prepared the pH of this fluid will 
be 4.93 + 0.05. 

5.6.2 Extraction fluid X2: This fluid is 
made by diluting 5. mL glacial HOAc 
with ASTM Type II water (see Step 5.1) 
to a volume of 1 liter. When correcty 
prepared, the pH of this fluid will be 2.88 
+ 0.05. 

No@. - It is suggested that these cx- 
traction fluid be monitored frequently for 
impurities. The pH should be checked pri- 
or to use to ensure that these fluids are 
made up accurately. 

5.7 Analytical standards shall be pre- 
pared according to the appropriate analyt- 
ical method. 

6.0 SAMPLE COLLECTION. PRESER. 
VATION. AND HANDLING 

6.1 All samples shall be collected using 
an appropriate sampling plan. 

6.2 At least two separate representative 
samples of a waste should be collected. If 
volatile organ& are of concern. a third 
sample should bc collected. The first sam- 
ple is used in several preliminary TCLP 
evaluations (e.g.. to determine the percent 
solids of the waste: to determine if the 
waste contains insignificant solids (i.e., the 
waste is its own extract after filtration); to 
determine if the solid portion of the waste 
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requires particle-size reduction: and to de- 
termine which of the two extraction fluids 
are to be used for the non-volatile TCLP 
extraction of the waste). These preiimi- 
nary evaluations are identified in Section 
7.0. The second and, if required. third 
samples are extracted using the TCLP 
non-volatile procedure (Section 8.0) and 
volatile procedure (Section 9.0). 
respectively. 

6.3 Preservatives shall not be added to 
samples. 

6.4 Samples can be refrigerated unless 
refrigeration results in irreversible “hvs- r..,- 

ical change to the waste (e.g.. 
precipitation). 

6.5 When the waste is to be evaluated 
for volatile contaminants care should be 
take” to minimize the loss of v&tiles. 
Samples shall be take” and stored in a 
manner to prevent the loss of volatile con- 
taminants. If possible, it is recommended 
that any necessary particle&e reduction 
should be conducted as the sample is being 
take” (See Step 8.5). 

6.6 TCLP extracts should be prepared 
for analysis and analysed as OM)” as possi- 
ble following extraction. If they need to be 
stored, eve” for a short period of time. 
storage shall be a 4’C, and samples for 
volatiles analysis shall not be allowed to 
come into contact with the atmosphere 
(i.e., no he&pace). See Section 10.0 (QA 
requirements) for acceptable sat,::?le and 
extract holding times. 

7.0 PRELIMINARY TCLP EVALU- 
ATIONS 

The preliminary TCLP evaluations are 
performed on a minimum 100 gram repre- 
sentative sample of waste that will not 
actually undergo TCLP extraction (desig- 
nated as the first sample in Step 6.2). 
These evaluations include preliminary de- 
termination of the percent solids of the 
waste: determination of whether the waste 
contains insignificant solids, and is there- 
fore its own extract after filtration; deter- 
mination of whether the solid portion of 
the waste requires particle-size reduction: 
and determination of which of the two 
extraction fluids are to be used for the 
non-volatile TCLP extraction of the waste. 

7. I Preliminary determination of per- 
cent solids: Percent solids is defined as 
that fraction of a waste sample (as a 
percentage of the total sample) from 
which no liquid may bc forced out by a” 
applied pressure, as described below. 
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1. I. I If the waste will obviously yield no 
free liquid when subjected to pressure til- 
tration (i.e., is 100% solids) proceed to 
step 7.4. 

7. I .2 If the sample is liquid or multipha- 
sic, liquid/solid separation to make a prc- 
liminary determination of percent solids is 
required. This involves the filtration de- 
vice described in Step 4.3.2 and is outlined 
in Steps 7.1.3 through 7.1.9. 

7.1.3 Pre-weigh the filter and the con- 
tainer that will receive the filtrate. 

7.1.4 Assemble the filter holder and 
filter following the manufacturer’s inrtruc- 
tions. Place the filter on the support screen 
and secure. 

7.1.5 Weigh out a representative sub 
sample of the waste (100 gram minimum) 
and record the weight. 

7. I.6 Allow slurries to stand to permit 
the solid phase to settle. Wastes that settle 
slowly may be centrifuged prior to filtra- 
tion. Centrifugation is to be used only as 
an aid to filtration. If used. the liquid 
should be decanted and filtered followed 
by filtration of the solid portion of the 
waste through the same filtration system. 

7.1.7 Quantitatively transfer the waste 
sample to the filter holder (liquid and 
solid phases). If filtration of the waste at 
4’C reduces the amount of expressed liq- 
uid over that would be expressed at room 
temperature then allow the sample to 
warm up to room temperature in the de- 
vice before filtering. 

Not&-If waste material (> I% of origi- 
nal sample weight) gas obviously adhered 
to the container used to transfer the ram- 
ple to the filtration apparatus. determine 
the weight of this residue and subtract it 
from the sample weight determined in 
Step 7.1.5 to determine the weight of the 
waste sample that will be filtered. 

Gradually apply vacuum or gentle pres- 
sure of I-IO psi. unril air’or pressuring gas 

moves through the filter. If this point is 
not reached under IO psi, and if no addi- 

Note.-Instantaneous application of 

tional liquid has passed through the filter 

high pressure can degrade the glass hber 

in any 2.minute interval, slowly increase 
the pressure in IO-psi increments to a 

filter and may cause premature plugging. 

maximum of 50 psi. After each increment- 
al increase of IO-psi. if the pressuring gas 
has has not moved through the filter, and 
if no additional liquid has passed through 
the filter in any 2.minute interval, proceed 
to the next IO-psi increment. When the 
pressurizing gas begins to move through 
the filter. or when liquid flow has ceased 
at 50 psi (i.e., filtration does not result in 
any additional filtrate within any 2.minute 
period), filtration is stopped. 

7.1.8 The material in the filter holder is 
defined as the solid phase of the waste. 
and the filtrate is defined as the liquid 
phase. 

Note.-Some wastes. such as oily 
wastes and some paint wastes, will obvi- 
ously contain some material that appears 
to be a liquid. But even after applying 
vacuum or pressure filtration, a outlined 
in Step 7.17. this material may not filter. 
If this is the case, the material within the 
filtration device is defined as a solid. The 
original filter is ~)r to be replaced with a 
fresh filter under any circumstances. Only 
one filter is used. 

7. I .9 Determine the weight of the liquid 
phase by subtracting the weight of the 
filtrate container (See Step 7.1.3) from 
the total weight of the filtrate-filled con- 
tainer. The weight of the solid phase of the 
waste sample is determined by subtracting 
the weight of the liquid phase from the 
weight of the total waste sample, as dcter- 
mined in Step 7.1.5 or 7.1.7. Record the 
weight of the liquid and solid phases. Cal- 
culate the percent solids ar follows: 

Percent solids = Weight of solid (Step 7.1.9) x loo 
Total weight of waste (Step 7.1.5 or 7.1.7) 

7.2 Determination o/ whether WSL is 
liquid or has imignificanr amounrs 01 
solid material: If the sample obviously has 
a signihcant~amount of solid material, the 
solid phase must be subjected to extrac- 
tion; proceed to Step 7.3 to determine if 
the waste requires particle-size reduction 
(and to reduce particle-size. if necessary). 

Determine whether the waste is liquid or 
has insignificant amounts of solid material 
(which need not undergo extraction) as 
follows: 

7.2.1 Remove the solid phase and filter 
from the filtration apparatus. 

7.2.2 Dry the filter and solid phase at 
loO* 2O’C until two sucwssive weighings 



s-792 
LAND DISPOSAL RESTRICTIONS 161:2217 

yield the same value within c 1%. Record upon heating. It is recommended that the 8.0 PROCEDURE WHEN VOLATILES 
final weight. drying oven be vented tO a hood or appr* ARE NOT INVOLVED 

priate device. Although a minimum sample size of 
Note.-Caution should tx taken to in- 7.2.3 Calculate the percent dry solids as 100 grams (solid and liquid phases) is 

sure that the subject solid will not Rash ~OIIOWS: required. a larger sample sire may be 
more appropriate. depending on the solids 
content of the waste sample (percent sol- 

[7.2.3 equation corrected by 52 FR 21014. 
June 4, 19871 

Percent dry solids = Weight of dry waste and filter - tared weight of filter 
ids, see Step 7.1). whether the initial liq- 

x loo uid phase of the waste will be miscible 
Initial weight of waste (Step 7.1.5 or 7.1.1) with the aqueous extract ai the solid, and 

whether inorganics. semivolatile organics, 
pesticides. and herbicides are all analytcs 
of concern. Enough solids should be gener- 
ated for extraction such that the volume of 
TCLP extract will be sufficient 10 support 
all of the analyses required. If the amwnt 
of extract generated by the performance 
of a single TCLP extraction will not be 
sufficient to perform all of the analyses to 
be conducted. it is recommended that 
more than one extraction be performed 
and that the extracts from each extraction 
be combined and then aliauoted for 

7.2.4 Ii the percent dry solids is less 
than 0.5%. consult Step 6.2 and proceed to 
Section 8.0 ii non-v&tiles in the waste are 
of concern. and 10 Section 9.0 ii volatiles 
are of interest. In this case. the waste. 
after filtration is defined as the TCLP 
extract. Ii the percent dry solids is greater 
than or equal to 0.5%. and ii the non- 
volatile TCLP is 10 be performed. return 
to the beginning of this Section (7.0) with 
a new representative waste sample. so that 
it can he determined ii particle-size reduc- 
tion is necessary (Step 7.3). and SO that 
the appropriate extraction fluid may be 
determined (Step 7.4) on a fresh portion 
of the solid phase of the waste. Ii only the 
volatile TCLP is to he performed, see the 
Note in Step 7.4. 

er than or equal 10 0.5% of the waste and 
ii TCLP extraction for non-volatile con- 
stituents will take place (Section 8.0). de- 
termination of the appropriate fluid (Step 
5.6) to use for the non-v&tiles extraction 
is performed as follows. 

Note. - TCLP extraction for volatile 
constituents entails using only extraction 
fluid #I (Step 56.1). Therefore. if TCLP 
extraction for non-volatiles extraction is 
not required. proceed te section 9.0. 

7.4.1 Weigh out a small subsample of 
the solid phase of the waste. reduce the 
solid (ii necessary) to a particle-size ai 
approximately Imm in diameter or less, 
and transfer 5.0 grams of the solid phase 
of the waste to a SO&mL baker or Erlen- 
meyer l&k. 

analysis. 
8.1 Ii the waste will obviously yield no 

liquid when subjected to pressure hltra- 
tion (i.e., is 100% solid, see Step 7.1). 
weigh cut a representative wbsamplc of 
the waste (100 grams minimum) and pro- 
ceed to Step 8.9. 

[7.4.1 corrected by 50 FR 21014. June 4, 
I9871 

8.2 If the sample is liquid or multipha- 
sic. liquid/solid separation is required. 
This involves the filtration device de- 
scribed in Step 4.3.2 and is outlined in 
Steps 8.3 to 8.8. 

7.3 Dererminalion of whether the 
wmres requires parrick-rize reducrion 
(panicle-sire is reduced during this SfepJ: 
Using the solid portion of the waste. evalw 
ate the solid for particle-size. Ii the solid 
has a surface area per gram of material 
equal to or greater than 3.1 cm’, or is 
smaller than I cm in its narrwest dimen. 
sion (e.g., is capable of passing through B 
9.5.mm (0.375~inch) standard sieve), par- 
ticle-size reduction is not required (prc- 
wed to Step 7.4). Ii the surface area is 
smaller or the particle size larger than 
described above, the solid portion of the 
waste is prepared for extraction by crush- 
ing, cutting, or grinding the waste 10 a 
surface area or particle-size as described 
above. 

Note.-Surface area requirements are 
meant for hlamentous (e.g.. paper. cloth) 
and similar waste materials. Actual mea- 
surement of surface area is not required; 
nor is it recommended. 

7.4 Determinarion of appropriate ex- 
rrocrionfluid: Ii the solid cOnten is great. 

7.4.2 Add 96.5 mL of reagent water 
(ASTM Type II) to the baker. Mver with 
a watchglass. and stir vigorously iOr 5 
minuws using a magnetic stirrer. Measure 
and record the PH. Ii the pH is 55.0. 
extraction fluid #I is used. Proceed to 
Section 8.0. 

7.4.3 Ii the pH from Step 7.4.2 is >5.o. 
add 3.5 mL I.0 N HCI, slurry briefly.. 
u)ver with a watchglass. heat 10 50’ C. 
and hold at SO’ C for IO minutes. 

7.4.4 Let the solution cool to room tcm- 
perature and recmd the pH. Ii the pH is 
~5.0. use extraction fluid #I. If the pH is 
>5.0. use extraction fluid #2. Proceed to 
Section 8.0. 

7.5 The sample of waste used for F-x- 
iormance of this Section shall not be used 
any further. Other samples of the waste 
(see Step 6.2) should bc employed for the 
Section 8.0 and 9.0 extractions. 
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8.3 Pre-weigh the container that will 
receive the filtrate. 

8.4 Assemble the filter holder and filter 
following the manufacturer’s instructions. 
Place the filter on the support screen and 
secure. Acid wash the filter if evaluating 
the mobility of metals (See Step 4.4). 

Note. - Acid washed filters may be 
used for all non-volatile extractions even 
when metals are not of concern. 

8.5 Weigh Out a representative subsam- 
plc of waste (100 grams minimum) and 
record the weight. Ii the waste was shown 
to contain ~0.5% dry solids (Step 7.2). the 
waste, after filtration is defined as the 
TCLP extract. Therefore. enough of the 
sample should bc filtered so that the 
amOunt of filtered liquid will support all of 
the analyses rquired of the TCLP ex- 
tract. For wastes containing 30.5% dry 
solids (Steps 7.1 or 7.2). use the percent 
solids information obtained in Step 7.1 10 
determine the optimum sample sire ( 100 
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gram minimum) for filtration. Enough sol- 
ids should be generated after filtration to 
support the analyses to be performed on 
the TCLP extract. 
[8.5 corrected by 52 FR 21014. June 4, 
19871 

8.6 Allow slurries to stand to permit the 
solid phase to settle. Wastes that settle 
slowly may be centrifuged prior to filtra- 
tion. Centrifugation is to be used only as 
an aid to filtration. If used, the liquid 
should b-c decanted and filtered followed 
by filtration of the solid portion of the 
waste through the same filtration system. 

8.7 Quantitatively transfer the waste 
sample (liquid and solid phases) to the 
filter holder (see Step 4.3.2). If filtration 
of the waste at 4’ C reduces the amOunt 
of expressed liquid wer what would be 
expressed at room temperature. then allow 
the sample to warm up to room tempera- 
ture in the device bcforc filtering. 

Note. - If waste material (> 1% of the 
original sampic weight) has obviously ad- 
hered to the container used to transfer the 
sample to the filtration apparatus. deter- 
mine the weight of this residue and sub 
tract it from the sample weight deter- 
mined in Step 8.5. to determine the weight 
of the waste sample that will be filtered. 

Gradually apply vacuum or gentle prcs- 
sure of I-IO psi, until air or pressurizing 
gas mwes through the filter. If this paint 
is not rcachcd under IO psi, and if no 
additional liquid has passed through the 
filter in a 2-minute interval. slowly in- 
crease the pressure in lC-psi increments to 
maximum of 50 psi. After each increment. 
al increase of 10 psi, if the prcssurizing 
gas has not moved through the filter, and 
if no additional liquid has passed through 
the filter in any 2-minute interval. proceed 
to the next IO psi increment. When the 
pressurizing gas begins to mwe through 
the filter, or when the liquid Row has 
ceased at 50 psi (i.e., filtration does not 
result in any additional fitratc within a 2- 
minute period), filtration is stopped. 

Note. - Instantaneous application of 
high pressure can degrade the glass fiber 
filter and may cause prcmaturc plugging. 

8.8 The material in the filter holder is 
defined as the solid phase of the waste, 
and the filtrate is defined as the liquid 
phase. Weigh the filtrate. The liquid 
phase may now be either analyrcd (see 
Step 8.13) or stored at 4’C until time of 
analysis. 

Note.-- Some wastes, such as oily 
wastes and sane paint wastes, will obvi- 
ously contain sane material that appears 
to be a liquid. But even after applying 
vacuum or pressure filtration, as outlined 
in Step 8.7, this material may not filter. If 
this is the case. the material within the 
filtration devices defined as a solid and is 
carried through the extraction as a solid. 
The original filter is fur to be replaced 
with a fresh filter under any circum- 
stances. Only one the filter is used. 

[8.8 note corrected by 52 FR 21014. 
June 4, 19871 

8.9 If the waste contains ~0.5% dry 
solids (see Step 7.2). proceed to Step 8.13. 
If the waste contains SO.SR dry solids 
(see Step 7.1 or 7.2). and if particle-sire 
reduction of the solid was needed in Step 
7.3, proceed to Step 8.10. If particle-size 
reduction was not required in Step 7.3, 
quantitatively transfer the solid material 
into the cxtractOr vessel, including the 

filter used to separate the initial liquid 
from the solid phase. Proceed to Step 8. I I. 

8.10 The solid portion of the waste is 
prepared for extraction by crushing, cut. 
ting, or grinding the waste to a surface 
area of particle-size as described in Step 
7.3. When the surface area of particlesize 
has been appropriately altered, quantita- 
tively transfer the solid material into the 
extra&x vessel, including the filter used 
to separate the initial liquid from the solid 
phase. 

Note.- Sieving of the waste through a 
sieve that is not Teflon coated should not 
be done due to avoid possible contamina- 
tion of the sample. Surface area requirc- 
menu are meant for tilamentous (e.g., 
paper, cloth) and similar waste materials. 
Actual mcasurcmcnt of surface area is not 
recommended. 

8.1 I Determine the amaunt of extrac- 
tion fluid to add tc the cxtractcr vessel as 
follows: 

Weight of extraction fluid = 
20 X W solids (Step 7.1) = weight of waste filtered 

(Step 8.5 or 8.7) 
loo 

Slowly add this amaunt of appropriate 
extraction fluid (see Step 7.4) to the ex- 
tractor vessel. Close the extractcr bottle 
tightly (it is recommended that Teflon 
tape be used to cnsurc a tight seal), secure 
in rotary extracta device, and mtatc at 
30 + 2 rpm for I8 r 2 hours. Ambient tcm- 
pcrature (ix., tempcraturc of mom in 
which extraction is to take place) shall be 
maintained at 2223-C during the extrao 
tion period. 

Note.- As agitation continues. prcs- 
sure may build up within the extractor 
bottle for some types of wastes (e.g.. limed 
or calcium carbonate containing waste 
may evolve gases such as carbon dioxide). 
To relieve excess pressure. the extracmr 
bottle may be periodically opened (e.g.. 
after I5 minutes, 30 minutes. and I hour) 
and vented into a hood. 

8.12 Following the l8+2 hour extrac- 
tion, the material in the extracta vessel is 
separated into its component liquid and 
solid phases by filtering through a new 
glass liber filter, as outlined in Step 8.7. 
For final filtration of the TCLP extract. 
the glass fiba filter may be changed. if 

necessary. to facilitate filtration. Filter(s) 
shall be acid-washed (see Step 4.4) if eval- 
uating the mobility of metals. 

8.13 The TCLP extract is now prepared 
as f0llows: 

8.13.1 If the waste contained no initial 
liquid phase, the filtered liquid material 
obtained from Step 8.12 is defined as the 
TCLP extract. Proceed to Step 8.14. 

8.13.2 If compatible (e.g.. multiple 
phases will not result on cambination). the 
Iiltercd liquid resulting from Step 8.12 is 
combined with the initial liquid phase of 
the waste as obtained in Step 8.7. This 
combined liquid is defined as the TCLP 
cxtr*ct. Proceed to step 8.14. 

8.13.3 If the initial liquid phase of the 
waste. as obtained from Step 8.7, is not or 
may not bc compatible with the filtered 
liquid resulting from Step 8.12. these liq- 
uids are not combined. These liquids. col- 
lectively defined as the TCLP extract, are 
analyzcd separately. and the results are 
combined mathematically. Proceed to 
step 8.14. 

8.14 Following collection of the TCLP 
extract, it is recommended that the pH of 
the extract bc recorded. The cxtract 
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should be immediately aliquoced far anai- 
yris and properly preserved (metals ali- 
quots must be acidified with nitric acid to 
pH 52; all other aliquots must be stored 
under refrigeration (4’C) until analyzed). 
The TCLP extract shall be prepared and 
analyted according to appropriate analyt- 
ical methods. TCLP es.tracts to bc ana- 
lyzed foi metals. other than mercury. shall 
lx acid digested. If the individual phases 
are to be analyzed separately. determine 
the volume of the individual phases (to 
*OS%). conduct the appropriate analy- 
ECS. and combine the results mathemat- 
ically by using a simple volumeweighted 
average: 

Final Anatyte = (V,)(C,) + (V,)(C,) 
Concentration v, + v, 

where: 
V, = The volume of the first phase (L). 
C, = The concentration of the contami- 

nant of concern in the first phase (ma/t). 
V*= The volume of the second phase 

CL) 
C,- The concentration of the contami- 

nant of concern in the second phase 
(w/U 

8.15 The contaminant concentrations in 
the TCLP cxtrsct are compared with the 
thresholds identified in the appropriate 
regulations. Refer to Section 10.0 for 
quality assura*cc requirements. 

9.0 PROCEDURE WHEN VOLATILES 
ARE INVOLVED 

The ZHE device is used to obtain 
TCLP extracts for volatile analysis only 
Extract resulting from the USC of the ZHE 
shall not be used to evaluate the mobility 
of non-volatile analytes (e.g.. metals. pesti- 
cides, etc.). 

The ZHE device has approximately a 
5W-mL internal capacity. Although a 
minimum sample size of IO0 grams “as 
required in the Section 8.0 procedure. the 
ZHE can only accommodate a maximum 
of 25 grams of solid (defined as that frac- 
tion of a sample from which no liquid 
(additional) may be forced out by an ap 
plied pressure of SO psi), due to the need 
to add an amount of extraction fluid equal 
** 20 times the weight of the solid pbasc. 

The ZHE is charged with sample only 
**CC and the device is not opened unti( the 
hnal extract (of the solid) has bcco col- 
lccted. Repeated filling of the ZHE of 

obtain 25 grams of solid is not permitted. obtain 25 grams of solid is not p+.rmitted. 
The initial filtrate should be weighed and The initial filtrate should be weighed and 
then stored at 4 ‘C until either analyzed then stored at 4 ‘C until either analyzed 
or recombined with the final extract of the or recombined with the final extract of the 
solid. 

Although the following procedure al- 
lows for particle-size reduction during the 
conduct of the procedure. this could result 
in the loss of volatile compounds. IJ possi- 
ble (e.g., particle-size may be reduced 
easily by crumbling). particle-size rcduc- 
tion (See Step 9.2) should be conducted on 
the sample as it is being taken. If neccs- 
sary. particle-size reduction may be con- 
ducted during the procedure. 

In carrying out the following steps, do 
not allow the waste, the initial liquid 
phase, or the extract to be exposed to the 
atmosphere for any rnorc time than is 
absolutely necessary. Any manipulation of 
these materials should be done when cold 
(4-C) to minimizc loss of volatilea. 

9.1 Pre-weigh the (evacuated) container 
which will receive the filtrate (See Step 
4.6). and set aside. If using a TEDLAR* 
bag, all liquid must bc expressed from the 
device. whether it be for the initial or final 
liquid/solid separation, and an aliquat tsk- 
en from the liquid in the bag, for analysis. 
The containers listed in Step 4.6 are rcc- 
ommended lor use under the following 
conditions. 

9.1.1 if a waste contains an aqueous 
liquid phase or if the waste does not con- 
tain a significant amount of non-aqueous 
liquid (i.e., <I% of total waste). the TED- 
LAR’ bag should be used to collect and 
combine the initial liquid and solid cx- 
tract. The syringe is not recommended in 
these cases. 

9.1.2. If a waste contains a significant 
amount of non-aqueous initial liquid phase 
(i.e., >I% of total waste), the syringe or 
the TEDLARO bag may bc used for both 
the ir.itial solid/liquid separation and the 
final extract filtration. However. analysts 
should use one or the other. not both. 

9.1.3 If the waste contains no initial 
liquid phase (is IIJOW solid) or has no 
significant solid phase (is 100% liquid), 
cithcr the TEDLARa bag or the syringe 
may be used. If the syringe is used, dis- 
card the first 5 mL liquid expressed from 

the device. The remaining aliquots arc 
used for analysis. 

9.2 Place the ZHE piston within the 
baiY of the ZHE (it may be helpful first 
10 moisten the piston C-rings slightly with 
extraction fluid). Adjust the piston within 

the ZHE body to a height that will mini- 
mix the distance the piston will have to 
move once the ZHE is charged with sam- 
ple (based upon sample size requirements 
determined from Section 9.0, Step 7.1 
and/or 1.2). Secure the gas inlet/outlet 
Range (bottom flange) onto the ZHE body 
in accordance with the manufacturer’s 
instructions. Secure the glass f&r filter 
between the support screens and set aside. 
Set liquid inlet/outlet Range (top Range) 
aside. 
[9.2 corrected by 52 FR 21014, June 4, 
1987) 

9.3 If the waste is 100% solid (see Step 
7.1) weigh out a representative subsample 
(25 gram maximum) of the waste. record 
weight. and proceed to Step 9.5. 

9.4 If the waste “as shown to contain 
~0.5% dry solids (Step 7.2). the “astc, 
after filtration is defined as ths TCLP 
extract. Enough of the sample should be 
liltercd so that the amount of filtered 
liquid will support all of the volatile anaiy- 
xs required. For wastes contains <OS% 
dry solids (Steps 7.1 and/or 7.2). use the 
percent solids information obtained in 
Step 7.1 to determine the optimum sample 
size to charge into the ZHE. The appro- 
priate sample size recommended is as 
follo”s: 

9.4.1 For wastts containing ~5% solids 
(see Step f.l), weigh out a representative 
SW gram sample or waste and record the 
weight. 

9.4.2 For wastes containina > 5% solids 
(see Step 7.l), the amount of waste to 
charge into the ZHE is determined as 
follo”s: 

Weight of 
YSSL to charge = 25 x loo 

ZHE 96 solids (Step 7.0 
Weigh out a repnscntative subsample 

of the waste of the appropriate size and 
record the weight. 

9.5 If particle-size reduction of the solid 
portion of the waste “as required in Step 
7.3, pmcecd to Step 9.6. If particle-size 
reduction “as not required in Step 7.3. 
proceed to Step 9.7. 

9.6. The waste is prepared for cxtrac- 
tion by crushing. cutting, or grinding the 
solid portion of the waste to a surface area 
or particle-size as described in Step 7.3. 
Wastes and appropriate reduction quip 
mcnt should bc refrigerated. if possible. to 
4-C prior to particle-size reduction. The 
means used to effect particle&c rcduc- 
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tion must not generate heat in and of 
itself. If reduction of the solid phase of the 
waste is necessary. exposure of the waste 
to the atmosphere should be avoided to the 
extent possible. 

Note. - Sieving of the waste is not 
recommended due to the possibility that 
volatiles may be lost. The use of an apprc- 
priately graduated ruler is recommended 
as an acceptable alternative. Surface area 
requirements arc meant for tilamentous 
(e.g.. paper, cloth) and similar waste ma. 
terials. Actual measurement of surface 
area is not recommended. 

When the suiface arca or particle&c 
has been appropriately altered, proceed to 
step 9.7. 

9.7 Waste slurries need not be allowed 
to stand to permit the solid phase to settle. 
Wastes that settle slowly shall not be cen- 
trifuged prior to filtration. 

9.8 Quantitatively transfer the entire 
sample (liquid and solid phases) quickly to 
the ZHE. Secure the filter and support 
screens into the top flange of the device 
and secure the top flange to the ZHE body 
in accordance with the manufacturer’s 
instructions. Tighten all ZHE fittings and 
place the device in the vertical position 
(gas inlet/outlet flange on the bottom). 
Do not attach the extraction collection 
device to the top plate. 

Note. - If waste material (>I% of 
original sample weight) has obviously ad- 
hered to the container used to transfer the 
sample to the ZHE, determine the weight 
of this residue and subtract if from the 
sample weight determined in Step 9.4, to 
determine the weight of the waste sample 
that will be filtered. 

Attach a gas line to the gas inlet/outlet 
valve (bottom Range) and. with the liquid 
inlct/outlct valve (top flange) open, begin 
applying gentle pressure of l-10 psi (or 
more if necessary) to force all headspace 
(into a hood) slowly out of the ZHE dc- 
vice. At the first appearance of liquid 
from the liquid inlet/outlet valve, quickly 
close the valve and discontinue pressure. If 
filtration of the waste at 4’C reduces the 
amount of exprcsscd liquid over what 
would be expressed at room temperature, 
then allow the sample to warm up to room 
temperature in the device before filtering. 
If the waste is 100% solid (see Step 7.1). 
slowly increase the pressure to a maxi- 
mum of 50 psi to force most of the head- 
space out of the device and proceed to 
Step 9.12. 

9.9 Attach the evacuated pre-weighed 
filtrate collection container to the liquid 
inlet/outlet valve and open the valve. Be- 
gin applying gentle pressure of I-IO psi to 
force the liquid phase into the filtrate 
collection container. If no additional liquid 
has passed through the filter in any 2- 
minute interval. slowly increase the pres- 
sure in IO psi increments to a maximum of 
50 psi. After each incremental increase of 
IO psi, if no additional liquid has passed 
through the filter in any Z-minute interval, 
proceed to the next IO-psi increment. 
When liquid flow has ceased such that 
continued pressure filtration at 50 psi does 
not result in any additional filtrate within 
any Z-minute period, filtration is stopped. 
Close the liquid inlet/outlet valve. discon- 
tinue pressure to the piston. and diswn- 
ncct the filtrate collection container. 

Note. - Instantaneous application of 
high prcssurc can degrade the glass hbcr 
filter and may cause premature plugging. 

9.10 The material in the ZHE is defined 
as the solid phase of the waste and the 
filtrate is defined as the liquid phase. 

Note. - Some wastes. such as oily 
castes and some paint wastes, will obvi- 
ously contain some material that appears 
to be a liquid. But even after applying 
pressure hltrqtion. this material will not 
Alter. If this is the case. the material 
within the filtration device is defined as a 
solid and is carried through the TCLP 
extraction as a solid. 

If the original waste contained ~0.5% 
dry solids (see Step 7.2), this filtrate is 
defined as the TCLP extract and is ana- 
lyzcd directly. Proceed to Step 9.15. 

9.11 The liquid phase may now tx ei- 
ther analyzed immediately (see Steps 9.13 
through 9.15) or stored at 4’C under 
minimal headspace conditions until time 
of analysis. The weight of extraction fluid 
Xl to add to the ZHE is determined as 
follows: 

Weight of 
LO X % solids (Step 

7.1) X weight of waste 
extraction = filtered (St& 9.4 or 9.8) 

fluid loo 
[9.11 quation corrected by 52 FR 21014, 
June 4. 19871 

9.12 The following steps detail how to 
add the appropriate amount of extraction 
fluid to the solid material within the ZHE 
and agitation of the ZHE vessel. Extrac- 
tion fluid #I is used in all cases (See Step 
5.6). 

9.12.1 With the ZHE in the vertical 
position. attach a line from the extraction 
fluid reservior to the liquid inlet/outlet 
valve. The line used shall contain fresh 
extraction fluid and should bc preflushcd 
with fluid to eliminate any air pockets in 
the line. Release gas pressure on the ZHE 
piston (from the gas inlet/outlet valve). 
open the liquid inlet/outlet valve, and be- 
gin transferring extraction fluid (by 
pumping or similar means) into the ZHE. 
Continue pumping extraction fluid into 
the ZHE until the appropriate amount of 
fluid has been introduced into the device. 

9.12.2 After the extraction fluid has 
been added, immediately close the liquid 
inlet/outlet valve and disconnect the cx- 
traction fluid line. Check the ZHE to 
ensure that all valves are in their closed 
positions. Physically rotate the device in 
an end+ver-end fashion 2 or 3 times. Re- 
position the ZHE in the vertical position 
with the liquid inlet/outlet valve on top. 
Put 5-10 psi behind the piston (if neces- 
sary) and slowly open the liquid inlet/out- 
let valve to bleed out any headspace (into 
a hood) that may have been introduced 
due to the addition of extraction fluid. 
This bleeding shall be done quickly and 
shall be stopped at the first appearance of 
liquid from the valve. Re-pressurize the 
ZHE with 5-10 psi and check all ZHE 
fittings to ensure that they are closed. 

9.12.3 Place the ZHE in the rotary 
extractor apparatus (if it is not already 
there) and rotate the ZHE at 30+2 rpm 
for I8 t2 hours. Ambient temperature 
(i.e., temperature of room in which entrac- 
tion is to occur) shall be maintained at 
22 + 3 ‘C during agitation. 

9.13 Following the l8+2 hour agitation 
period. check the pressure behind the 
ZHE piston by quickly opening and clos- 
ing the gas inlet/outlet valve and noting 
the escape of gas. If the pressure has not 
been maintained (i.e.. no gas release ob 
served), the device is leaking. Check the 
ZHE for leaking as specified in Step 4.2.1, 
and redo the extraction with a new sample 
of waste. If the pressure within the device 
has been maintained, the material in the 
extractor vessel is once again Jeparated 
into its component liquid and solid phases. 
If the waste contained an initial liquid 
phase. the liquid may be filtered directly 
into the same filtrate collection container 
(i.e., TEDLAR* bag) holding the initial 
liquid phase of the waste. unless doinn so 
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would create multiple phases. or u&s 
there is not enough volume left within the 
filtrate collection container. A separate 
filtrate collection container must be used 
in these cases. Filter through the glass 
fiber filter. using the ZHE device es dis- 
cussed in Step 9.9. All extract shall be 
filtered and collected in the TEDLARO 
bag is used. if the extract is multiphasic. 
or if the waste contained an initial liquid 
phase (see Steps 4.6 and 9.1). 

Note. - An in-line glass hber filter 
may be used to filter the material within 
the ZHE when it is suspected that the 
glass hber filter has been ruptured. 

9.14 If the original waste contained no 
initial liquid phase. the filtered liquid ma- 
terial obtained from Step 9.13 is defined 
as the TCLP extract. If the waste con. 
taincd in initial liquid phase, the filtered 
liquid material obtained from Step 9.13 
and the initial liquid phase (Step 9.9) are 
collectively defined as the TCLP extract. 

9.15 Following collection of the TCLP 
extract,.the extract should be immediately 
eliquoted for analysis and stored with 
minimal headspace at 4’C until analyzed 
The TCLP extract will be prepared and 
analyzed according to the appropriate 
analytical methods. If the individual 
phases arc to be analyzcd separately (i.e., 
are not miscible), dcterminc the volume of 
the individual phases (to 50.5%). conduct 
the appropriate analyzes. and combine the 
results mathematically by using a simple 
volume-weighted average: 

Final An&e = 
i V,)(G + W&C,) 

Concentration v, + v, 

where 
v, = 
c, = 

v, = 

c, = 

8-2, -87 

The volume of the first phases (L). 
The concentration of the contemi- 
nant of concern in the first phase 
(*6/L). 
The volume of the second phase 
CL). 
The concentration of the contami- 
nant of concern in the second 
phase (mg/L). 

9.16 The contaminant concentrations in 
the TCLP extract are compared with the 
thresholds identified in the appropriate 
regulations. Refer to Section 10.0 for 
quality assurance requirements. 

10.0 QUALITY ASSURANCE RE- 
QUIREMENTS 

IO.1 All data. including quality essur- 
ante data, should b-e maintained and avail- 
able for rcferencc or inspection. 

10.2 A minimum of one blank (extrac- 
tion fluid #I) for every IO extractions that 
have been conducted in an extraction vcs- 
sel shall be employed as a check to deter- 
mine if any memory effects from the cx. 
traction equipment arc occurring. 

10.3 For each analytical batch (up to 
twenty samples). it is recommended that a 
matrix spike be performed. Addition of 
matrix spikes should occur once the TCLP 
extract has been generated (i.e.. should 
not occur prior to performance of the 
TCLP procedure). The purpose of the ma- 
trix spike is to monitor the adequacy of 
the analytical methods used on the TCLP 
extract and for determining if matrix in- 
terferences exist in analyte detection. 

10.4 All quality control measures dc- 
scribed in the appropriate analytical mcth- 
cds shall be followed. 

10.5 The melhod da!andard addition 
shall be employed for esch anelyte iE 1, 
wcovary of the compound from the TCLQ 
extract is not between 54 and 150% or 2) if 

TABLE 2.--S”ITPIw& ROTlR” AGlTATmN 
APPRRAT”S’ 

Il’r. c”“Cm,rd:io” of file c~“‘tlt;:i~, i,:w?urrd 
I., lk e*,rac, is wi:i:in ?V> of the dpp,lgi:d:e 
rcphtory liwerhoid If more thdn ox 
c~;,~~cIIu~ 1s b&n;: PL” “n samples oi ,h 
s.,mr WdSlC IllP tn twent:y rampler’l. the 
method ols!im&rd addition need be applied 
ml; once and the perxnt recowrits applird 
1x1 :he remainder of the ex~rsctions. 

10.8 Sampler must undergo TCLP 
exlr~ction within the following time pcriud 
~:iwr sample receipt: Volau!es. 14 days. Semi. 
Vo!a*!les. 10 days: Mercury. :B ddys: and 
other Uetals. 180 days. Exlractian of Ihe s&d 
porlun of the wes!e shcmld be initia,ed as 
SLK?” iis pt~ss~!~Ie following ifiitial oo,;d,,iquld 
reparation. TCW extracts shall be analyzed 
dftrr generation and preservation within the 
foliowing periods: V&stiles. 14 days: Semi- 
Vt~i~nlrs. 40 days: Merwr,: z-days: :!nd 
other hleta~.. 100 days. 

TABLE t.-“OUTILE CONTAMINANTS 1 
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TABLE 4.--S”IT.aLE FLTEP HOLDERS 1 
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UT ‘4ASiE SAMPLE + 
CONT.4INS E<O Op. 
INSIGNIFICANT 
NCV-FILTERABLE 

SCLIOS 

WASTE SAMPLE 

-+ 
DRY WASTE SAMPLE 

\ WET WASTE SAMPLE 
CONTAINS 

SIGNIFICANT 
NON-FILTERABLE 

SOLIDS 

0.6- TO @.8-urn DISCARD 
GLASS FIBER 

O.b- TO 0.8-urn 
S(lLlD 1 

TCLP I RACT 

IF >l cm IN NARROWEST 
DIMENSION OR SURFACE 

.IQUID 

ZERO-HEADSPACE EXTRACTOR 

1 LIQIJIO 

LIQUID 

j 
1 
E Al 

--I- 

Tcw E;(TRAcT / 

I 

-- - - - -- - -TCLP ;XTRACl 

lThe extraction fluid employed is a function of the alkalinity of the solid 
phase of the waste. 

FIGURE 1: TCLP FLOWCHART 

8-21-07 

[Appendix II 

P”blield by THE WREN OF NATIONAL AFFAIRS. INC.. Warnington. D.C. 20037 123 



Ml:2224 FEDERAL REGULATIONS 

notor 

30 + 2 rpm) ‘1 
r , L 
I 
I 
I 

L 

Extraction Vessel Holder 

; j 

I 1 
’ I 
8 

Figure 2: Rotary Aqttatio~n 
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Pressuriting Gas Inlet/Outlet Valve 

Figure 3: Zero-Headspace Extraction Vessel 
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161:2226 FEDERAL REGULATIONS 

APPEND,X I, TO Panr 21x8-TREATMENT STANDARDS (AS Co~CE~Tnnr~ohis IN WE TREATMENT 
RESIOUAL EXTRACT) 

[Appendix II added by 51 FR 40636. November 7. 19861 

Appendix III to Part ZGB--Liat of 
Haiogenated Organic Compounds 
Regulated Under P 26832 
[A;pendix III added by 52 FR 25787, 
July 8, 19871 

Ii delemking tbe concentration of HOCs 
in a hazardous waste for Purposes of the 
$ ?68.32 land disposal prohibition. EPA has 
defmed the HOCs that must be included in 
the calculation BP any compounds having a 
carbon-halogen bond which are listed in this 
Appendix (see D 268.21. Appendix 111 lo Part 
ZE8 consiels of the following compounds: 

Voloti!es 
Bromodichloromethane 
Bromomethsne 
Corbon Tetrachloride 
Chiorobenzene 
~-Chloro-1.3.butediene 

lorod:bromomethane 
Chloroethane 
Z-Chloroethyl vinyl ether 
Chloroform 
Chlommethane 
3.Chloropropene 
1.2.Dibromo-3-chloroprapane 
l.Z-ilibromomethane 

Dibromomethane 
Trans.1.4.Dichlom-2-butene 
Dichlorodifluommethane 
1.1.Dichloroethane 
1.2.Dichloroethane 
1.1.Dichloroelhylene 
Trans.1.2.Dichlomelhene 
I.t-Dichloropropane 
Trans.1.3.Dichlompropene 
cis-1.3.Dichloropropene 
lodomelhane 
Melhylene chloride 
1.1.1.2-Tetrachloroelhane 
1.1.2.2-Tetrachloroelhane 
Telrachloroethene 
Tribmmomethane 
I.l.I-Trichloroerhane 
1.1.2-Trichloroethane 
Trichloroethene 
nichloromooonuoromethane 
1.2.3.Tlichlompropane 
Vinyl chloride 

Semidatiles 
Bis(z-Ehloroethoxy)ethane 
Eis(Z-chloroethyl)elher 
Bis(Z-chloroisopropyll ether 
p-Chloroaniline 
Chlorobeozilate 

p.Chlom-m-cresol 
Xhloronaphfhalene 
2-Chlorophenol 
3-Chloropropionitrile 
m-Dichlorobenzene 
o-Dichlorobenrene 
p-Dichlorobenzene 
3.3’.Dichlombenridine 
Z.CDichlorophenol 
Z.&Dichlorophenol 
Hexschlorobenzene 
Hexachlorobuladiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Hexachlomprophene 
Hexachloropropene 
4.~.hiethylenebis(Z-chloroanilioe] 
Pentachlorobenrene 
Pentachlomethane 
Penlachloronitrobenrene 
Pentachlorophenol 
Pronamide 
1.2.4.5.Telrachloroben7ene 
23.4.8Tetrachlorop~enal 
t.Z.4.Trichlombenzene 
2.4.5.Trichlorophenol 
Z.l.bTrichlomphenol 
Tne(ydrbromapropyl]pho.pbale 

E”“iro”ma”t mpmer 
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Orgonochlorine Pesticides 

Aldrin 
alpha-BHC 
beta-BHC 
delta-EHC 
gamma-B”C 
Chlordane 
DDD 
DDE 
DOT 
Dieldrin 
Endasulfan f 
Endosulfan I, 
Endrin 
Endrin aldchyde 

Hepkhlor epoxide 
lsodrin 
Kep0lW 
Merhaxyclor 
Toxaphene 

Phe+xyocetic Acid Herbicides 

2.(-Dichloraphenoxyacetic ncid 
Silvex 
2.4.5-T 

PCRS 

Aroclor ,018 
Aroclar ,221 

Amclor ,232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1280 
PCEa not otherwise specified 

Dioxins and Fvmns 

Heiachlorodibenza-p-dioxins 
Hexachlarodibenzofuran 
Pentachlarodibenza-p-dioxins 
PentachlorDdibenzofuran 
Tetrachlarodibenzo-p-dioxins 
Telrachlorodibenrofuran 
2.3.7.BTe!rachlorodibenla-p-dio*ia 

8-21-87 

[Amndix Ill] 

Published by THE BUREAU OF NATIONAL *w*m. INC.. v4smington. 0.c. 20037 



Part 261, App. I 60 CFR Ch. I V-1-65 Edition) 

0261.33 Dhcerded eommcrclal chemical pred- 
ucts, off.4peciflutlon ~pecles. contine* ml- 
dun end apill midua thereef. 

The followln9 materlal~ or It&ma Ue hes 
ardous wastes If and when they are dlecard- 
ed or Intended to be dlecarded unle~ they 
BTC excluded under II 290.20 and 260.22 and 
Ilsted In Apoendlx IX. 

. . . . . 

(f) l l ’ 

. . . . * 
u242 . . . . . . . . . . . Pnwlompnnor. 

. . . . . 

IN42 . . . . . . . . . . Phmd, $l4mmaw. 
u212 . . . . . . . . . . . . Phmd. 2.3.4*-. 
UZlZ . . .._............. ma-Id. 2.4.Lt*Noro. 
uz30 . . . . . . . . . . . . . Phmd. 2.4.68khbm. 

. . . . . 

UZ3, _._,.,..._..____.. hpic& rib 242.4,sr. 
. . . . . 

uz?3 . . s&a 
. . . . . 

UP.32 . . . . . . . . . . . . . . . . 2.4.51. 
. . * . . 

u212 . . . . . . . . . . . . . z.‘J.I&T~ 
. . . . . 

u230 . . . . . . . . . . . . . 24,5rriehlomphrm(. 
Ml . . . . . . . . . . . . . . . 2,4,6Tkhlompma(. 
UZ30 . . . . . . . . . . . . . . . . 2,4.+TrWaropmmyurc* WM. 

. . . . . 

APPXNDIX I-~AmshmPLIno 
Mmxiow 

The methode and eaulpment ueed for 
samW~~ westa mat&& wlU vary wfth the 
form and conelatency of the wute materIsle 
to be umpled. Sunplea collected u&r@ the 
MUlDlblg PtOtOCOh lirted bdOW. iOr Mm- 
pling waste with propertlu almllu to the in- 
dlated msterlslh will be conridered by the 
Agency ta be npruen~tive of the WC&. 

Extremely v&our llauld-A8lM Standard 
D140-70 Cruehed or Dowdared mat&al- 
ASThf Standard D345-75 Boll or rock-l&e 
nutem-- 8tMdcrd D4!2&6s Boll- 
l&e material-ASTM 8tandard D1452-55 

Ply Aah-like nut&al-~ Standard 
D2224-76 [ASTM 8tandude are svsllable 
fmm ASTM, 1916 Race St.. Phlladelphk 
PA 191031 

Contalnerlaed llpuld ar~tec”COLIwA8A” 
described ln “Teat Methods for the Evil- 
uatlon of Solid Weate. Phyalul/Chemlcal 

Methods.“. U.S. Environmental Protec- 
tion Agency, Offlce of Solld Waste. Wash- 
tnutm. DC. 20450. CCo~tes may be ob- 
tained from Solid We&e Information. U.S. 
hvlronmcntal Prot.ectIon Agency, 26 W. 
St. Cl&r St., Cinchnatl. Ohlo 452691 

Llquld WM& In pits. Pond& is@aor~& Md 
elmllar reeervolra--“Pond Sampler” de- 
scribed In “Teat Methoda for the Evalua- 
tion of Solid Waste. PhyalcaVChemlcal 
Methods.” = 

Thlr manual also contains ddltlonal In- 
formation on sppllutlon of these protocob. 

APPENDIX II--Ep TOXICITY TE9T 
PmcxDuxts 

A. Ed.acti~n Procedure (EP) 

1. A nixesent.ative aample of the waste to 
betMtedtmlnlmumelulOOemms)sh&llbe 
obtained u&r19 the methods specified ln Ap- 
pendlx I or MY other method capable of 
uieldln9 a reureaentatlve aample wlthln the 
meMLw of Put 250. tPcr detailed euldance 
on conductlzuf the varloue aspects of the EP 
see “Tat Methcde for the Evaluation of 
80116 Wute. Phy~%lal/Chemlal Methods” 
tlncorporated by reference, see I250.11).1 

2. The umple shall be separated into Its 
ccmponent llquld and solid pheaea using the 
method described ln “Sepuatlon Proce- 
dure” below. If the eolld r&due l obtained 
udng this method totals leaa than 0.5% of 
the orlginr; weight of the weste. the residue 
cut be dlacuded and the operator shall 
treat the llpuld phase Y the extmct and 
Dw ,2U,i&lY t0 step 8. 

9. The eolld mat&al obtained from the 
Elep~tIon Pmwdure hall be evahmted for 
IU putlcle abe. If the aolld mat&al hrs 8 
mrface are8 per uun of mstrm eQua ta 
or 9reater than, 2.1 an’ or ~uees through s 
9.5 mm (0.275 Inch) hmhrd deve, the oper- 
d+x shall praoced to 8teD 4. Ii the surface 
area Is amdler or the putlcle slxe larfrer 
than apedfled above. the eolld material 
shall be prepared for extraction by crueh- 
lng. cutting or grlndlnc the mat&al eo that 

*These methcds are dao d&bed fn 
“%mplen and &mplln9 Procedures for 
Huardous Wute S&am&” EPA 600/2-60- 
018, Januu$’ 1990. 

*The pxcent MU& h determined by 
drying the filter pad at 8o’C until It reacha 
conetant wel9ht and then calctitln9 the 
ve~~ndlllauJne the followlnfs equatton: 

I 

hbjndmd+aW-(aMdF’-Jl 
Xl00 

hitidwwi#udunp* 
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Envlronmontal hotoction Agency 

it peaeea through a 0.5 mm (0.375 inch) sieve 
or. If the m&erlxl b ln a single piece. by 
subjecting the mM.Sixl to the “8tNctti 
Integrity Procedure” dedcribed below. 

4. The llolid material obtaIned In 8&D 3 
shall be weighed and placed In an extrrctor 
with 16 timea Itd weight of delonlzed water. 
Do not allow the matertrl to dry DrtOr to 
weitrhiru. For purpores of this teat. an ac- 
ceptable extractor is one which wtU impart 
sufficient egitatton to the mixture ti not 
only prevent atretifiation of the auuple 
and extrxction fluld but xlao lnaure that all 
sunple rurfecea are contlnuoualy brought 
into contact with well mixed extrsctloon 
fluid 

5. After the solid nut&xl md deioaked 
wder are pleoed in the eXtm&Jr. the ODWS- 
tar ahall begin agltatlon and meuure the 
pH of the aolutlon In the extractor. If the 
pH la greater than 5.0. the pH of the aolu- 
tion ahall be decnwd ta 5.0 2 0.1 by 
adding 0.5 N wetic acid If the DH la equxl 
ta or le#a than 5.0. no acetic acid ahould be 
added. The pH of the rOlutiOn ah&U be mon- 
Itored, Y d&bed below, during the coume 
of the extraction and if the DE riaea above 
S.2. 0.6N xcetic acid rhxll be added to bring 
the pH down to 5.0 f 0.2. However. in no 
event ahall the aggmgrU.e amount of add 
added to the solution exceed 4 ml of sold 
pergmmofaoUdThemixtureahallbeegl- 
t&ad for 14 houn xnd mxlnklned xt SO’- 
4o’C ((18’-101’F) during thfa time. It la rec- 
ommended thst the oparxtor monitor and 
adjust the pH during the course of the ex- 
traction with e device such ad the m 45-A 
pH Controller manufectured by Chemtrlx. 
Inc.. Hlllaboro. Oregon 97133 or UJ equivx- 
lent, in COItjUnCtiOn with a metering pump 
and reservoir of O.SN eoetic rcid If such x 
ayatem la not xvxilxble. the foUoalru 
manual procedure ahall be emDloyedz 

(a) A pH meter ahxll be ullbrated In m 
wrdanoe with the mxnufecturer’r ape&la- 
t1ona. 

?oti261,App.ll 

(b) The pH of the solution ahrll be 
checked and if necedauy. O.SN ecetlc ecid 
ahall be manually added to the extractor 
until the pH reechea 5.0 * 0.1. The pH of 
the solution ahxll be ad&at.& at 16. 30 and 
60 minute Inte~xla. moving ta the next 
longer Interval If the pH doea not hxve to be 
adbated more then OIN DH unlta. 

tc) The adjustment procedure ahxll be 
continued for at leut 5 houn. 

(d) If at the end of the 1Chour extrbction 
period the DH of the solution la not below 
5.2 and the maximum amount of acid (4 ml 
per gram of aolkla) hu not been xddt& the 
DH alull be adJuat.ed to 3.0 k 0.2 and the ex- 
trxction continued for an ddltlonti four 
hours. during which the pH ahsll be adJuat- 
ed at one hour LnteNal% 

6. At the end of the 24 hour extrxctlon 
period. delonked water ahall be added to 

the extractor In en amount determined by 
the foUowing equation: 
V=MHW)-lo(W)-A 
V=ml delonkzed wet-m to be xdded 
W-weight In grama of solid charged to ex- 

tr8ct.m 
A=ml of 0.5N acetIc add xdded during ex- 

traction 
7. The mat&al In the extractor shall be 

aepueted Into ltr component Uquid end 
aolld phuee u described under “Seperxtlon 
Procedure.” 

6. The UqUkb rUUlt&g from Stepa 1 Md 7 
ahall be combined. Thla combtned llquld (or 
the w&ate it~lf If It hse less than H percent 
aollda, u noted In step 1) la the extract end 
ahxUbemalyxedforthepreaenceofxnyof 
the contamln~te a~ecffled ln Table I of 
t 281.34 uaIng the AnxlytIal Procedurea 
deafgnxted below. 

SeDamfion Pmcedun 

Equipment: A flltw holder, de&r& for 
filtration medh hwlng l nominal pore alxe 
of 0.43 mlcrometea md CaDable of applying 
a 8.3 b/Cm (7s pi, hYdXWt&k DrU#Ure t.0 
the eolutfon being fIltered, ahxll be used. 
For mlxturu cons nonabaorptlve 
aolldh where eepsrxtloa an be effected 
without bnpoabg l 5.3 kg/cm’ p- du- 
ferenti& vacuum ffltma employing l 0.45 
mlcrometen filter medh an k wed. (For 
further guidgnce on flltrstion equlDment or 
prooadura sea “Teat Methoda for EvahuG 
2 Solid Wute. Phyalal/Chemful Meth- 

” inwrpomted by reference. see 
t250.11). Procedure? 

(1) Following manufecturer’a dlrectlona. 
the filter unit ahxll be eaeembled with 8 
filter bed conelatIng of a 0.45 micrometer 
filter membrane. For dlffkult or alow to 
filter mlxturu a prefllter bed conalating of 
the foUowlng preflltera in lncreeeing pore 
rise (0.05 mkrometer membrene. fine gl= 

‘Thh Droadun ia Intended to reddt ilI 
aepuation of the “free” Uquid portIon of 
the caute from ray aolfd matter l’iavlru x 
pertide rise >0.45 pm. If the ample will 
not filter. varloua other eepuxtIon tech- 
nfquee un be used to aId ln the filtration. 
k ducribad above. preaaure flltrstlon la 
employed t0 rpccd UD the filt&IOn P-- 
Thla doea not alter the nxture of the seDera- 
tloh If U&d doee not rperxte during fU- 
tration, the waste can be centrifuged. If SeP 
uatlon owun during centrihumtlon. the 
llquld portion tcentrUug8te) Is filtered 
through the 0.45 pm filter prior to acOmh3 
mlxed with the Uquld portion of the weate 
obtalned from the InItief IUtrMOn. Any ma- 
t&xl that will not paaa through the filter 
after centrifugxtlon la coneldered a solid 
and La extracted. 
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flber prefllter. and c0are.e glass flber pte- Proccdun 
filter) can be used. 

(II) The waste shall be poured Into the fIl- 

WI) The 1lquId DhXfie ahaU be stored at I’C 

tration unit. 

for subsequent use In step 8. 

(Ill) The reservoir shall be slowly predaur- 
lzed until Uquld be&s to flow from the ffl- 
trate outlet at which point the pressure In 
the filter shall be lmmedhtelY lowered to 
lo-15 DsIg. FlltntiOn shell be COntb’IUed 
untU Ilquid flow ceaaes. 

(iv) The Dreasure shall be Increued step- 
wise In 10 psi Increments to 75 paIg and fll- 
tration continued untU flow asaea or the 
prasurlzIng gas begina to exit from the fIl- 
trate outlet. 

tv) The filter unit ahall be depESaLUked, 
the aolld mater&l removed and weIghed and 
then transferred to the extractton appara- 
tus. or. In the case of fInal fIltratIon prior to 
analyaks. dIscarded. Do not allow the mat&- 
al retaIned on the filter pad to dry prior to 
welghlw. 

B. Stnndml Integrftu Procedure 

EpuIpment: A Structural Integrity Teats 
having a 3.18 cm (1.25 In.) diameter hammer 
weIghin 0.33 ka (0.73 Iba.) and hsvW 8 
free fall Of 15.24 cm (6 In.) ahall k l&led. 
ThIa device b avaIlable from Aaaoclated 
De&n and Manufacturing Company. Alex- 
andria, VA 22314, M Put No. 125. or It may 
be fabrluted to meet the apecIfIatlona 
shown In F’lgure 1. 

1. The sample holder ahall be fllled ollth 
the materlal to be teated. If the sample of 
waste la a large monollthlc block, a portlon 
shell be cut fmm the block havlruj the dI- 
menalons of a 3.3 cm (1.3 In.) diameter x 7.1 
cm (2.8 In.) cylinder. For a fixated waste. 
sampled may be aat In the form of a 3.3 cm 
(1.3 In.) diameter x 7.1 cm (1.8 In.) cylinder 
for purpoaea of conductins thIa teat. In such 
asee. the w&ste may be allowed to cure for 
30 daya prior to further teatIn& 

2. The aample holder ahall be placed Into 
the Structural Integrity Tester. then the 
hammerahaUbeniudtoltdmaximum 
hekht and dropped Thb shall be repeated 
fifteen tlmu. 

3. The material ahall be removed from the 
sample holder. weIghed. and transferred to 
the eXtraCtiOn XDpUXtus for extra&Ion. 

AnaWCd ROcedu~ /Of Anduafnq Et&act 
Contaminantr 

1. For anenlc. barium. cadmium. chmni- 
um. led. mercury. aelcnlum. aUver. endrIn. 
Undene. methoxychlor, toxaphene. 2,4- 

The teat methcda for anal- the ex- 
tract are aa rouowa: 

DC2.4-dIchloroDhenoxYxcetlc acIdI or 2.4.S 
TP t2.4,6-trlChlorophenOx~~pIo~c acIdI: 
“Tat Methoda for the Evaluatlon of Solid 
Wute. PhydcWChemIal Methoda” tlncor- 
~2ncM&yNm$rence, see t 260.11). 

&r all uWyaea, the methoda of standard 
addition ahxll k used for quantillation of 
apacks concentration. 
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COMBINED 
WEIGHT 
XJK g 
i.73tbl 

SAMPLE HOLOER SAMPLE HOLOER 

Environmental Protoctfon Agency 

*ELASTOMERIC SAMPLE HOLOER FABRICATED OF 
MATERIAL FIRM ENOUGH TO SUPPORT THE SAMPLE 

Figure 1 
COMPACTION TESTER 

(45 FH 3311% May 1% 1960. u amended at 46 FFt 35247. July 7.19611 



TEMPERATURE 

Method 170.1 (Thermometric) 

STORET NO. 00010 

I. 

2. 

3. 

4. 

5. 

Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
Summary of Method 
2.1 Temperature measurements may be made with any good grade of mercury-filled or dial 

type centigrade thermometer, or a thermistor. 
Comments 
3.1 Measurement device should be routinely checked against a precision thermometer 

certified by the National Bureau ofstandards. 
Precision and Accuracy 
4.1 Precision and accuracy for this method have not been determined. 
Reference 
5.1 The procedure to be used for this determination is found in: 

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 125, 
Method212(1975). 

Approved for NPDES 
Issued 197 1 
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ARSENIC 

Method 206.2 (Atomic Absorption, furnace technique) 

STORET NO. Total 01002 
Dissolved 01000 

Suspended 01001 
Optimum Concentration Range: 5-100 ug/l 
Detection Limit: 1 ug/ I 

Preparation of Standard Solution 

1. Stock solution: Dissolve 1.320 g of arsenic trioxide, As,& (analytical reagent grade) in 
100 ml of deionized distilled water containing 4 g NaOH. Acidify the solution with 20 ml 
cont. HNO, and dilute to I liter. 1 ml = I mg As (IO@3 mg/l). 

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(NO,)&H,O in 
deionized distilled water and make up to lOOmI. 

3. Nickel Nitrate Solution, 1%: Dilute 20 ml of the 5% nickel nitrate to 100 ml with 
deionized distilled water. 

4. Working Arsenic Solution: Prepare dilutions of the stock solution to be used as 
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock 
solution, add 1 ml of cont. HNO,, 2ml of 30% H,O, and 2ml of the 5% nickel nitrate 
solution. Dilute to 100 ml with deionized distilled water. 

Sample Preservation 
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 

section of this manual. 

Sample Preparation 
1. Transfer 100 ml of well-mixed sample to a 250 ml Griffin beaker, add 2 ml of 30% H,O* 

and sufficient cont. HNO, to result in an acid concentration of l%(v/v). Heat for 1 hour 
at 95’C or until the volume is slightly less than 50 ml. 

2. 

3. 

Cool and bring back to 50 ml with deionized distilled water 

Pipet 5 ml of this digested solution into a IO-ml volumetric flask, add 1 ml of the 1% 
nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample is 
now ready for injection into the furnace. 

Approved for NPDES and SDWA 
Issued 1978 

206.2-I 



NOTE: If solubilization or digestion is not required, adjust the HNO, concentration of 
the sample to I % (v/v) and add 2 ml of 30%H,O, and 2 ml of 5% nickel nitrate to each 
100 ml of sample. The volume of the calibration standard should be adjusted with 
deionized distilled water to match the volume change of the sample. 

Instrument Parameters (General) 
1. Drying Time and Temp: 30 set-125’C. 
2. Ashing Time and Temp: 30 set-1 100°C. 
3. Atomizing Time and Temp: 10 set-2700’C. 
4. Purge Gas Atmosphere: Argon 
5. Wavelength: 193.7 nm 
6. Other operating parameters should be set as specified by the particular instrument 

manufacturer. 

Analysis Procedure 
1. For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the 

Atomic Absorption Methods section of this manual. 

Notes 
1. 

2. 
3. 

4. 

5. 

6. 

The above concentration values and instrument conditions are for a Perkin-Elmer HGA- 
2100, based on the use of a 20 ul injection, purge gas interrupt and non-pyrolytic 
graphite. Smaller size furnace devices or those employing faster rates of atomization can 
be operated using lower atomisation temperatures for shorter time periods than the 
above recommended settings. 
The use of background correction is recommended. 
For every sample matrix analyzed, verification is necessary to determine that method of 
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods 
section of this manual). 
If method of standard addition is required, follow the procedure given earlier in part 8.5 
of the Atomic Absorption Methods section of this manual. 
For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 
Data to be entered into STORET must be repotted as ug/l. 

Precision and Accuracy 
1. In a single laboratory (EMSL), using a mixed industrial-domestic waste etlluent 

containing 15 ug/l and spiked with concentrations of 2, 10 and 25 t&l, recoveries of 
85%. 90% and 88% were obtained respectively. The relative standard deviation at these 
concentrations levels were i8.8%, &.2%, +5.4% and +8.7%, respectively. 

2. In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations 
of 20, 50 and 100 ug As/l, the standard deviations were tO.7, il.1 and il.6 
respectively. Recoveries at these levels were 105%, 106% and 101%. respectively. 

206.2-2 



ARSENIC 

Method 206.3 (Atomic Absorption-gaseous hydride) 

4. 

STORET NO. Total 01002 
Dissolved 01000 

Suspended 01001 

Scope and Application 
1.1 The gaseous hydride method determines inorganic arsenic when present in 

concentrations at or above 2 ug/l. The method is applicable to drinking water and most 
fresh and saline waters in the absence of high concentrations of chromium, cobalt, 
copper, mercury, molybdenum, nickel and silver. 

Summary of Method 
2.1 Arsenic in the sample is first reduced to the trivalent form using SnCl, and converted to 

arsine, ASH,, using zinc metal. The gaseous hydride is swept into an argon-hydrogen 
flameofan atomic absorption spectrophotometer. The workingrange of the method is 
2-20 t&l. The 193.7 nm wavelength line is used. 

Comments 
3. I In analyzing drinking water and most surface and ground waters, interferences are rarely 

encountered. Industrial waste samples should be spiked with a known amount of arsenic 
to establish adequate recovery. 

3.2 Organic forms of arsenic must be converted to inorganic compounds and organic matter 
must be oxidized before beginning the analysis. The oxidation procedure given in 
Method 206.5 (Standard Methods, 14th Edition, Method 404B, p. 285, Procedure 4.a) 
has been found suitable. 

3.3 For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods 
section of this manual. 

3.4 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 

3.5 Data to be entered into STORET must be reported as ug/l. 
Precision and Accuracy 
4.1 Ten replicate solutions of o-arsenilic acid at the 5, 10 and 20 ug/l level were analyzed by 

a single laboratory. Standard deviations were +0.3, eO.9 and * 1. I with recoveries of 94, 
93 and 85%, respectively. (Caldwell. J. S.. Lishka, R. I., and McFarren, E. F., 
“Evaluation of a Low Cost Arsenic and Selenium Determination at Microgram per Liter 
Levels”, JAWWA., ~0165, p 731, Nov., 1973.) 

Approved for NPDES and SDWA 
Issued 1974 

206.3-l 



5. References 

5.1. Except for the perchloric acid step, the procedure to be used for this determination is 
found in: Standard Methods for the Examination of Water and Wastewater, 14th 
Edition, ~159, Method 301A(VII),(1975) 
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6 

OIL AND GREASE, TOTAL, RECOVERABLE 

Method 413.1 (Gravimetric, Separatory Funnel Extraction) 

STORET NO. 00556 

Scope and Application 
I. I This method includes the measurement of fluorocarbon-l 13 extractable matter from 

surface and saline waters, industrial and domestic wastes. It is applicable to the 
determination of relatively non-volatile hydrocarbons, vegetable oils, animal fats, waxes, 
soaps, greases and related matter. 

1.2 The method is not applicable to measurement of light hydrocarbons that volatilize at 
temperatures below 70°C. Petroleum fuels from gasoline through #2 fuel oils are 
completely or partially lost in the solvent removal operation. 

1.3 Some crude oils and heavy fuel oils contain a significant percentage of residue-type 
materials that are not soluble in fluorocarbon-113. Accordingly, recoveries of these 
materials will be low. 

1.4 The method covers the range from 5 to loo0 mg/l ofextractable material. 
Summary of Method 
2.1 The sample is acidified to a low pH (< 2) and serially extracted with fluorocarbon-l 13 in 

a separatory funnel. The solvent is evaporated from the extract and the residue weighed. 
Definitions 
3.1 The definition of oil and grease is based on the procedure used. The nature of the oil 

and/or grease, and the presence of extractable non-oily matter will influence the material 
measured and interpretation of results. 

Sampling and Storage 
4. I A representative sample of 1 liter volume should be collected in a glass bottle. If analysis 

is to be delayed for more than a few hours, the sample is preserved by the addition of 5 ml 
HCI (6.1) at the time of collection and refrigerated at 4% 

4.2 Because losses of grease will occur on sampling equipment, the collection of a composite 
sample is impractical. Individual portions collected at prescribed time intervals must be 
analyzed separately to obtain the average concentration over an extended period. 

Apparatus 
5.1 Separatory funnel, 2CKXl ml, with Teflon stopcock. 
5.2 Vacuum pump, or other source of vacuum. 
5.3 Flask, boiling, I25 ml (Coming No. 4100 or equivalent). 
5.4 Distilling head, Claisen or equivalent. 
5.5 Filter paper, Whatman No. 40, I1 cm. 
Reagents 
6. I Hydrochloric acid, 1: 1. Mix equal volumes of cow. HCI and distilled water. 
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6.2 Flurocarbon-I 13,(1,1,2-trichloro-l,2,2&fluoroethane), b. p. 48’C. 
6.3 Sodium sulfate, anhydrous crystal. 

7. Procedure 
7.1 

7.2 
7.3 
7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

Mark the sample bottle at the water meniscus for later determination of sample volume. 
If the sample was not aciditied at time of collection, add 5 ml hydrochloric acid (6. I) to 
the sample bottle. After mixing the sample, check the pH by touching pH-sensitive paper 
to the cap to insure that the pH is 2 or lower. Add more acid if necessary. 
Pour the sample into a separatory funnel. 
Tare a boiling flask (pre-dried in an oven at 103’C and stored in a desiccator). 
Add 30 ml fluorocarbon-l 13 (6.2) to the sample bottle and rotate the bottle to rinse the 
sides. Transfer the solvent into the separatory funnel. Extract by shaking vigorously for 2 
minutes. Allow the layers to separate, and filter the solvent layer into the flask through a 
funnel containing solvent moistened filter paper. 
NOTE: An emulsion that fails to dissipate can be broken by pouring about 1 g sodium 
sulfate (6.3) into the filter paper cone and slowly draining the emulsion through the salt. 
Additional I g portions can be added to the cone as required. 
Repeat (7.4) twice more, with additional portions of fresh solvent, combining all solvent 
in the boiling flask. 
Rinse the tip of the separatory funnel, the filter paper, and then the funnel with a total of 
IO-20 ml solvent and collect the rinsings in the flask. 
Connect the boiling flask to the distilling head and evaporate the solvent by immersing 
the lower half of the flask in water at 7o’C. Collect the solvent for reuse. A solvent blank 
should accompany each set of samples. 
When the temperature in the distilling head reaches 5o’C or the flask appears dry remove 
the distilling head. Sweep out the flask for 15 seconds with air to remove solvent vapor by 
inserting a glass tube connected to a vacuum source. Immediately remove the flask from 
the heat source and wipe the outside to remove excess moisture and fingerprints. 
Cool the boiling flask in a desiccator for 30 minutes and weigh. 

8. Calculation 
8.1 R-B mg/l total oil and grease = v 

R = residue, gross weight ofextraction flask minus the tare weight. in milligrams. 
B = blank determination, residue of equivalent volume of extraction solvent, in 

milligrams. 
V = volume of sample, determined by retilling sample bottle to calibration line and 

correcting for acid addition if necessary, in liters. 
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9. Precision and Accuracy 
9. I The two oil and grease methods in this manual were tested by a single laboratory (EMSL) 

on sewage. This method determined the oil and grease level in the sewage to be 12.6 
mg/l. When I liter portions of the sewage were dosed with 14.0 mg of a mixture of #2 
fuel oil and Wesson oil, the recovery was 93% with a standard deviation of r0.9 mg/l. 

Bibliography 

I. Standard Methods for ,the Examination of Water and Wastewater, 14th Edition, p 515, 
Method 502A. (1975). 

2. Blum, K. A., and Taras, M. J., “Determination of Emulsifying Oil in Industrial Wastewater”, 
JWPCF Research Suppl. 40, R404 (1968). 
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6. 

PHOSPHORUS, TOTAL 

Method 365.4 (Calorimetric, Automated, Block Digestor AA II) 

STORET NO. 00665 

Scope and Application 
1.1 This method covers the determination of total phosphorus in drinking water, surface 

water and domestic and industrial wastes. The applicable range of this method is 0.01 to 
20mgP/l. 

Summary of Method 
2.1 The sample is heated in the presence of sulfuric acid, K,SO, and HgSO, for two and one 

half hours. The residue is cooled, diluted to 25 ml and placed on the AutoAnalyzer for 
phosphorus determination. 

Sample Handling and Preservation 
3.1 Sample containers may be of plastic material, such as a cubitainer, or of Pyrex glass. 
3.2 If the analysis cannot be performed the day of collection, the sample should be preserved 

by the addition of 2 ml of cont. H,SO, per liter and refrigeration at 4X. 
Apparatus 
4.1 Block Digestor BD-MI 
4.2 Technicon Method No. 327-74W for Phosphorus 
Reagents 
5.1 Mercuric sulfate: Dissolve 8 g red mercuric oxide (HgO) in 50 ml of 1:4 sulfuric acid 

(10 cont. H,SO,: 40 ml distilled water) and dilute to 100 ml with distilled water. 
5.2 Digestion solution: (Sulfuric acid-mercuric sulfate-potassium &fate solution): Dissolve 

133 g of K,SO, in 600 ml of distilled water and 200 ml of cont. H$O,. Add 25 ml of 
mercuric sv~lfate solution (5.1) and dilute to 1 liter. 

5.3 Sulfuricacid solution (0.72 N): Add20 ml of cont. sulfuric acid to800 of distilled water, 
mix and dilute to 1 liter. 

5.4 Molybdate/antimony solution: Dissolve 8 g of ammonium molybdate and 0.2 g of 
antimony potassium tartrate in about 800 ml of distilled water and dilute to 1 liter. 

5.5 Ascorbic acid solution: Dissolve 60 g of ascorbic acid in about 600 ml of distilled water. 
Add 2 ml of acetone and dilute to 1 litter. 

5.6 Diluent water: Dissolve 40 g of NaCI in about 600 ml of distilled water and dilute to I 
liter. 

5.7 Sulfuric acid solution, 4%: Add 40 ml of cont. sulfuric acid to 800 ml of ammonia-free 
distilled water, cool and dilute to 1 liter. 

Procedure 
Digestion 
6.1 To 20 or 25 ml of sample, add 5 ml ofdigestion solution and mix. (Use a vortex mixer). 
6.2 Add 4-8 Teflon boiling chips. Too many boiling chips will cause the sample to boil over. 
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6.3 With Block Digestor in manual mode set low and high temperature at 1M)“C and preheat 
unit to 160°C. Place tubes in digestor and switch to automatic mode. Set low temperature 
timer for 1 hour. Reset high temperature to 380°C and set timer for 2 I/2 hours. 

6.4 Cool sample and dilute to 25 ml with distilled water. If TKN is determined the sample 
should be diluted with ammonia-free water. 

Calorimetric Analysis 
6.4.1 Check the level of all reagent containers to ensure an adequate supply. 
6.4.2 Excluding the molybdate/antimony line, place all reagent lines in their respective 

containers, connect the sample probe to the Sampler IV and start the proportioning 
pump. 

6.4.3 Flush the Sampler IV wash receptacle with about 25 ml of 4% sulfuric acid (5.7). 
6.4.4 When reagents have been pumping for at least tive minutes, place the 

molybdate/antimony line in its container and allow the system to equilibrate. 
6.4.5 After a stable baseline has been obtained, start the sampler. 

Calculations 
7.1 Prepare a standard curve by plotting peak heights of processed standards against 

concentration values. Compute concentrations by comparing sample peak heights with 
the standard curve. 

Precision and Accuracy 
8.1 In a single laboratory (EMSL) using sewage sample containing total P at levels of 0.23. 

1.33, and 2.0, the precision was kO.01, +0.04, and tO.06, respectively. 
8.2 In a single laboratory (EMSL) using sewage samples of concentration 1.84 and 1.89, the 

recoveries were 95 and 98%, respectively 
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1. 

2. 

3. 

ARSENIC 

Method 206.4 (Spectrophotometric-SDDO 

STORET NO. 01002 
Inorganic, Dissolved 00095 

Inorganic, Total 00997 
Inorganic, Suspended 00996 

Scope and Application 
I. 1 The silver diethyldithiocarbamate method determines inorganic arsenic when present in 

concentrations at or above 10 ug/l. The method is applicable to drinking water and most 
fresh and saline waters in the absence of high concentrations of chromium, cobalt, 
copper, mercury, molybdenum, nickel, and silver. Domestic and industrial wastes may 
also be analyzed after digestion (see 3.3). 

1.2 Difficulties may be encountered with certain industrial waste materials containing 
volatile substances. High sulfur content of wastes may exceed removal capacity of the 
lead acetate scrubber. 

Summary of Method 
2.1 Arsenic in the sample is reduced to arsine, ASH>, in acid solution in a hydrogen 

generator. The arsine is passed through a scrubber to remove sultide and is absorbed in a 
solution of silver diethyldithiocarbamate dissolved in pyridine. The red complex thus 
formed is measured in a spectrophotometer at 535 nm. 

Comments 
3.1 In analyzing drinking water and most surface and ground waters, interferences are rarely 

encountered. Industrial waste samples should be spiked with a known amount of arsenic 
to establish adequate recovery. 

3.2 It is essential that the system be airtight during evolution of the arsine, to avoid losses. 
3.3 If concentration of the sample and/or oxidation of any organic matter is required, refer 

to Method 206.5. [Standard Methods, 14th Edition, Method 4C4B, p. 284, Procedure 4.a 
(1975)]. For sample handling and preservation, see part 4.1 of the Atomic Absorption 
Methods section of this manual. 
3.3.1 Since nitric acid gives a negative interference in this test, use sulfuric acid as a 

preservative if only inorganic arsenic is being measured. 
3.4 l-Ephedrine in chloroform has been found to be a suitable solvent for silver 

diethyldithiocarbamate if the analyst finds the odor of pyridine objectionable [Anal. 
Chem. c, 1786 (1973)]. 

3.5 For quality control requirements and optional recommendations for use in drinking 
water analyses, see part 10 of the Atomic Absorption Methods section of this manual. 
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4. 

5. 

Precision and Accuracy 
4.1 In a round-robin study reported by Standard Methods a synthetic unknown sample 

containing 40 ug/l, as As, with other metals was analyzed in 46 laboratories. Relative 
standard deviation was + 13.8% and relative error was 0%. 

Reference 
5. I The procedure to be used for this determination is found in: 

Standard Methods for the Examination of Water and Wastewater, 14th Edition, p. 283, 
Method 404A (1975). 
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ARSENIC 

Method 206.5 (Sample Digestion Prior to Total Arsenic 
Analysis by Silver Diethyldithiocarbamate or Hydride 

Procedures) 

1. 

2. 

3. 

4. 

Scope and Application: 
1. I Both the silver diethyldithiocarbamate spectrophotometric method and the AA hydride 

procedure measure inorganic arsenic. Therefore, if either of these procedures are being 
employed for the purpose of measuring total arsenic (inorganic plus organic), all 
organically bound arsenic must first be converted to an inorganic form prior to the 
analytical determination. This may be accomplished with H$O,-HNO,. 

Procedure 
2. I To a suitable sample containing from 2 to 30 ug of arsenic, add 7 ml (1 + 1) H,SO, and 5 

ml cone HNO,. Evaporate the sample to SO, fumes. Caution: If the sample chars, stop 
the digestion immediately, cool and add additional cone HNO,. Continue digestion 
adding additional cone HNOl as necessary. 

2.2 If the sample remains colorless, or straw-yellow during evolution of SO, fumes, the 
digestion is complete. 

2.3 Cool the digested sample, add about 25 ml distilled water, and again evaporate to SO, 
fumes to expel oxides of nitrogen. 

2.4 The sample is now ready for analysis using either the hydride or spectrophotometric 
procedure. 

Interferences 
3.1 All traces of nitric acid must be removed before either the spectrophotometric or the 

hydride procedures are applied. Oxides of nitrogen should be expelled by taking the 
sample to fumes of SO,. 

Notes 
4.1 The digestion step may be carried out in a flask on a hot-plate or in a Kjeldahl apparatus. 

This digestion step may also be used, in effect, to concentrate the sample, inasmuch as 
any size volume may be processed. 

Bibliography 

I. Standard Methods for the Examination of Water and Wastewater, ~285, method 404B, step 4a, 
14th Edition (1975). 
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I. 

2. 

3. 

4. 

5. 

6. 

RESIDUE, NON-FILTERABLE 

Method 160.2 (Gravimetric, Dried at 103-105X) 

STORET NO. 00530 

Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
I .2 The practical range of the determination is 4 mg/l to 20,ooO mg/l. 
Summary of Method 
2. I A well-mixed sample is filtered through a glass fiber filter, and the residue retained on the 

filter is dried to constant weight at 103-105°C. 
2.2 The filtrate from this method may be used for Residue, Filterable. 
Definitions 
3. I Residue, non-filterable, is defined as those solids which are retained by a glass fiber filter 

and dried to constant weight at 103-105’C. 
Sample Handling and Preservation 
4.1 Non-representative particulates such as leaves, sticks, fish, and lumps of fetal matter 

should be excluded from the sample if it is determined that their inclusion is not desired 
in the final result. 

4.2 Preservation of the sample is not practical; analysis should begin as soon as possible. 
Refrigeration or icing to 4°C to minimize microbiological decomposition of solids, is 
recommended. 

Interferences 
5.1 Filtration apparatus, filter material, pre-washing, post-washing, and drying temperature 

are specified because these variables have been shown to affect the results. 
5.2 Samples high in Filterable Residue (dissolved solids), such as saline waters, brines and 

some wastes, may be subject to a positive interference. Care must be taken in selecting the 
filtering apparatus so that washing of the filter and any dissolved solids in the filter (7.5) 
minimizes this potential interference. 

Apparatus 
6.1 Glass tlber filter discs, without organic binder, such as Millipore AP-40, Reeves Angel 

934-AH, Gelman type A/E, or equivalent. 
NOTE: Because of the physical nature of glass liber filters, the absolute pore size cannot 
be controlled or measured. Terms such as “pore size”, collection efficiencies and effective 
retention are used to define this property in glass tiber filters. Values for these parameters 
vary for the filters listed above. 

6.2 Filter support: filtering apparatus with reservoir and a coarse (40-60 microns) f&ted 
disc as a filter support. 
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NOTE: Many funnel designs are available in glass or porcelain, Some of the most 
common are Hirsch or Buchner funnels, membrane filter holders and Gooch crucibles. 
All are available with coarse fritted disc. 

6.3 Suction flask. 

7. 

6.4 Drying oven, 103-105°C. 
6.5 Desiccator. 
6.6 Analytical balance, capable of weighing to 0.1 mg. 
Procedure 
7.1 

7.2 

7.3 

7.4 

7.5 

Preparation of glass liber filter disc: Place the glass tiber filter on the membrane filter 
apparatus or insert into bottom of a suitable Gooch crucible with wrinkled surface up. 
While vacuum is applied, wash the disc with three successive 20 ml volumes of distilled 
water. Remove all traces of water by continuing to apply vacuum after water has passed 
through. Remove filter from membrane filter apparatus or both crucible and filter if 
Gooch crucible is used, and dry in an oven at 103-105°C for one hour. Remove to 
desiccator and store until needed. Repeat the drying cycle until a constant weight is 
obtained (weight loss is less than 0.5 mg). Weigh immediately before use. After weighing, 
handle the filter or crucible/filter with forceps or tongs only. 
Selection of Sample Volume 
For a 4.7 cm diameter filter, filter 100 ml of sample. If weight of captured residue is less 
than 1.0 mg, the sample volume must be increased to provide at least 1.0 mg of residue. If 
other filter diameters are used, start with a sample volume equal to 7 ml/cm* of filter area 
and collect at least a weight of residue proportional to the 1.0 mg stated above. 
NOTE: If during filtration of this initial volume the liltration rate drops rapidly, or if 
filtration time exceeds 5 to 10 minutes, the following scheme is recommended: Use an 
unweighed glass tiber filter of choice affixed in the filter assembly. Add a known volume 
of sample to the filter funnel and record the time elapsed after selected volumes have 
passed through the filter. Twenty-five ml increments for timing are suggested. Continue 
to record the time and volume increments until fitration rate drops rapidly. Add 
additional sample if the filter funnel volume is inadequate to reach a reduced rate. Plot 
the observed time versus volume filtered. Select the proper filtration volume as that just 
short of the time a significant change in filtration rate occurred. 
Assemble the filtering apparatus and begin suction. Wet the filter with a small volume of 
distilled water to seat it against the fritted support. 
Shake the sample vigorously and quantitatively transfer the predetermined sample 
volume selected in 7.2 to the filter using a graduated cylinder. Remove all traces of water 
by continuing to apply vacuum after sample has passed through. 
With suction on. wash the graduated cylinder, filter, non-filterable residue and filter 
funnel wall with three portions of distilled water allowing complete drainage between 
washing. Remove all traces of water by continuing to apply vacuum after water has 
passed through. 
NOTE: Total volume of wash water used should equal approximately 2 ml per cm*. For a 
4.7 cm filter the total volume is 30 ml. 
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8. 

7,.6 Carefully remove the filter from the filter support. Alternatively, remove crucible and 
filter from crucible adapter. Dry at least one hour at 103-105°C. Cool in a desiccator and 
weigh. Repeat the drying cycle until a constant weight is obtained (weight loss is less than 
0.5 mg). 

Calculations 
8.1 Calculate non-filterable residue as follows: 

Non-filterable residue, mg/l = (A - B)xl,OOO 
C 

where: 

9. 

A = weight of filter (or filter and crucible) + residue in mg 
B = weight of filter (or filter and crucible) in mg 
C = ml ofsample filtered 

Precision and Accuracy 
9. I Precision data are not available at this time. 
9.2 Accuracy data on actual samples cannot be obtained. 

Bibliography 
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5, 

PH 

Method 150.1 (Electrometric) 

STORET NO. 
Determined on site 00400 

Laboratory 00403 

Scope and Application 
1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes and acid rain (atmospheric deposition). 
Summary of Method 
2.1 The pH of a sample is determined electrometrically using either a glass electrode in 

combination with a reference potential or a combination electrode. 
Sample Handling and Preservation 
3.1 Samples should be analyzed as soon as possible preferably in the field at the time of 

sampling. 
3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to 

changes when exposed to the atmosphere, therefore the sample containers should be 
tilled completely and kept sealed prior to analysis. 

Interferences 
4.1 The glass electrode, in general, is not subject to solution interferences from color, 

turbidity, colloidal matter, oxidants, reductants or high salinity. 
4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a “low 

sodium error” electrode. 
4.3 Coatings of oily material or particulate matter can impair electrode response. These 

coatings can usually be removed by gentle wiping or detergent washing, followed by 
distilled water rinsing. An additional treatment with hydrochloric acid (1 + 9) may be 
necessary to remove any remaining film. 

4.4 Temperature effects on the electrometric measurement of pH arise from two sources. 
The first is caused by the change in electrode output at various temperatures. This 
interference can be controlled with instruments having temperature compensation or by 
calibrating the electrode-instrument system at the temperature of the samples. The 
second source is the change of pH inherent in the sample at various temperatures. This 
error is sample dependent and cannot be controlled, it should therefore be noted by 
reporting both the pH and temperature at the time of analysis. 

Apparatus 
5.1 pH Meter-laboratory or field model. A wide variety of instruments are commercially 

available with various specifications and optional equipment. 
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6. 

7. 

8. 

5.2 Glass electrode. 
5.3 Reference electrode-a calomel, silver-silver chloride or other reference electrode of 

constant potential may be used. 
NOTE 1: Combination electrodes incorporating both measuring and reference 
functions are convenient to use and are available with solid, gel type filling materials that 
require minimal maintenance. 

5.4 Magnetic stirrer and Teflon-coated stirring bar. 
5.5 Thermometer or temperature sensor for automatic compensation. 
Reagents 
6.1 Primary standard buffer salts are available from the National Bureau of Standards and 

should be used in situations where extreme accuracy is necessary. 
6.1. I Preparation of reference solutions from these salts require some special precautions 

and handling”’ such as low conductivity dilution water, drying ovens, and carbon 
dioxide free purge gas. These solutions should be replaced at least once each 
month. 

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution 
from commercial vendors. Use of these commerciaBy available solutions, that have been 
validated by comparison to NBS standards, are recommended for routine use. 

Calibration 
7.1 Because of the wide variety of pH meters and accessories, detailed operating procedures 

cannot be incorporated into this method. Bach analyst must be acquainted with the 
operation of each system and familiar with all instrument functions. Special attention to 
care of the electrodes is recommended. 

7.2 Bach instrument/electrode system must be calibrated at a minimum of two points that 
bracket the expected pH of the samples and are approximately three pH units or more 
apart. 
7.2.1 Various instrument designs may involve use of a “balance” or “standardize” dial 

and/or a slope adjustment as outlined in the manufacturer’s instructions. Repeat 
adjustments on successive portions of the two buffer solutions as outlined in 
procedure 8.2 until readings are within 0.05 pH units of the buffer solution value. 

Procedure 
8.1 Standardize the meter and electrode system as outlined in Section 7. 
8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to 

cover the sensing elements of the electrodes and to give adequate clearance for the 
magnetic stirring bar. 
8.2.1 If field measurements are being made the electrodes may be immersed directly in 

the sample stream to an adequate depth and moved in a manner to insure sufftcient 
sample movement across the electrode sensing element as indicated by drift free 
( < 0.1 PI-I) readings. 

8.3 If the sample temperature differs by more than 2 “3 from the buffer solution the measured 
pH values must be corrected. Instruments are equipped with automatic or manual 

“‘National Bureau of Standards Special Publication 260. 
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8.4 

8.5 

compensators that electronically adjust for temperature differences. Refer to 
manufacturer’s instructions. 
After rinsing and gently wiping the electrodes, if necessary, immerse them into the 
sample beaker or sample stream and stir at a constant rate to provide homogeneity and 
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water 
interface of the sample. Note and record sample pH and temperature. Repeat 
measurement on successive volumes of sample until values differ by less than 0.1 pH 
units. Two or three volume changes are usually sufficient. 
For acid rain samples it is most important that the magnetic stirrer is not used. 
Instead, swirl the sample gently for a few seconds after the introduction of the 
electrode(s). Allow the electrode(s) to equilibrate. The air-water interlace should 
not be disturbed while measurement is being made. II the sample is not in 
equilibrium with the atmosphere, pH values will change as the 
dissolved gases are either absorbed or desorbed. Record sample pH and 
temperature. 

9. Calculation 
9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature 

to the nearest ‘C. 
10. Precision and Accuracy 

10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples 
containing exact increments of hydrogen-hydroxyl ions, with the following results: 

pH Units Standard Deviation 
pH Units 

3.5 0.10 
3.5 0.11 
7.1 0.20 
7.2 0.18 
8.0 0.13 
8.0 0.12 

(PWPCA Method Study 1. Mineral and Physical Analyses) 

Bias, 
% 

4.29 
-0.00 

fl.01 
-0.03 
-0.12 

+0.16 

Accuracy as 
Bias. 

pH Units 

-0.01 

+0.07 
-0.002 
-0.01 

f0.01 

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of 7.7. the 
standard deviation was 10.1. 
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